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plant. The illustration shows the Actarc “ Monta” 
which has the following important advantages :— 
@ 1I5—200 AMPS 
@ INFINITELY VARIABLE 
@ WEIGHS ONLY !75 LBS. 

* On and after lst February, applications for purchase certificates 


for Welding Plant should be submitted to the Machine Tool Control 
Regional Director, and not to the Machine Tool Control Headquarters. 





ARC MANUFACTURING cq, 


TELEPHONE : SHE 1151/3 (Private Branch Exchange). TELEGRAMS : ACTIVARC, PHONE, LONOON. CABLES : ACTIVARC, LONOON. 


<P eses 











xix THE ENGINEERS’ DIGEST 





66 ; r = 39 
---and speaking of Wimet tips: 
In all our experience, Gentlemen, we have never made a wiser and more profitable 
decision than when we decided to use Wimet tips on our cutting tools. The fact that 
these tips hold their remarkably keen cutting edge at least ten times as long as the best 
high speed steel has been proved to us on innumerable occasions. And the effect on our 
“production, making for greater speed and accuracy, has left us with no doubts whatever 
as to what is the finest and most durable of all tips to use. 1! am sure you will all agree 
with me when | say that it has proved a very 
effective economy, when we consider the long 
working life of these tips between regrinds. 


pot 1M 1) 7 Cae 
Altogether a very wise decision, Gentlemen. © COVENTRY © ENGLAND e 








LONDON - BRISTOL: BIRMINGHAM - MANCHESTER - LEEDS - GLASGOW : NEWCASTLE 





Sitrpwagey 





3 


ARENSON: « peanpme Hie rio: eanseacemmemR eat 











t 
i 
a 


ETRE ST a Sitti’ fie 


Sh RB pe BINT RDI 0 


THE ENGINEERS’ 


DIGEST 


CODE FOR WORKING STRESSES 
By JosEPH MarIN, Pennsylvania State College. (From Machine Design, Vol. 14, No. 12, December, 1942, pp. 99-103). 


PART II.—FATIGUE STRESSES. 


Tue formulation of strength values representing 
fluctuating stress conditions requires information on the 
static strength, defined by Syp or Sy, and the endurance 
limit of the material for complete reversal of axial 
stress, designated Se. 

The following design code will consider both brittle 
and ductile materials as well as combined stresses. 
Allowance for stress concentration will also be provided, 
since this is an important condition in fatigue. 

The designer should be cautioned against indiscri- 
minate application of the design charts and formulas 
presented. When the difference between the actual 
loading conditions and the materials test data—upon 
which the code is based—becomes appreciable, then the 
factor N, providing for this difference should be modi- 
fied. The difference between the number of stress 
reversals during the expected life of a machine part and 
the number of reversals used in determining the en- 
durance limit Se results in an over-design, but can be 
corrected either by modifying the factor N, or selecting 
a greater value for Se based on the stress-cycle curve. 
Perhaps the best known examples are ball and roller 
bearings whose strengths are listed in terms of particular 
life-time ratings. 

Another difference between the laboratory test and 
machine part is in the manner of variation between 
stress and time. The fatigue strength of materials 
under varying amplitudes of stress have not been deter- 
mined. Further discussion of this question is given 
by Langer’. 

Effect of specimen size on the strength is usually 
more important under fatigue conditions than for 
static loads*. The influence on the strength is also 
appreciable when the material is initially overstressed 
or understressed compared to the safe stress range*. 

Another important influence on fatigue strength is 
the presence of stress concentration. There have been 
a number of investigations to determine fatigue stress 
concentration factors. However, these results apply 
to particularized specimens, and the designer should 
be cautioned that the size effect is especially important 
in fatigue loading conditions‘. 

There are many other service conditions which 
differ from the laboratory fatigue test conditions®. 
Some of the undesirable features of the small laboratory 
specimens in fatigue testing can be eliminated by 
fatigue testing of full-sized members*. 





1References are listed at end of article. 

















Number of Cycles 


Fig. 1. Variations of stress with time. 


Many of the uncertain influences under fatigue 
loading mentioned in the foregoing discussion can be 
estimated and incorporated in the determination of the 
factor of safety. 


UNIAXIAL STRESSES — DUCTILE MA- 
TERIALS : For fluctuating stress the variation of 
stress with time in most fatigue tests is of sinusoidal 
form, as shown in Fig. 1. The mean stress Sm and the 
stress variation S, are: 


7 Smest Smin ai “lee 


S,= Sem Smin (ie ee 
The stress fluctuation can now be considered as a com- 
pletely reversed stress S; superimposed upon a static 
stress Sm. Then in Fig. 1, if Ss=O, the stress is en- 
tirely static and for ductile materials failure occurs by 
yielding when Sm=+Syp=the yield strength for 
tension or compression. 

When Sm=O the stress is completely reversed, and 
failure is considered to be the stress which will not 
produce fracture before the application of a specified 
large number of stress reversals. This stress is called 
the endurance or fatigue limit when the stress cycles 
approach a theoretical infinite number of fluctuations, 
Fig. 2. For some ductile materials such as aluminium 
alloys, there is no well-defined endurance strength value 
and a specific number of stress cycles must be used to 
define the fatigue strength. 








Se 


Cyeles tor Rupture ——> 
Fig. 2. Endurance limit curve. 


A review of test data available shows that there are 
some differences in the behaviour of materials when the 
effect of the mean stress value is considered’. An 
approximate relationship, which is on the conservative 
side of the test data, is shown in Fig. 3. The equation 
for the lines AD or AD’ is® 

Sr=+Se—p Sm aa ea. 78) 











where p=Se/Syp. é i 

For the purpose of evaluating working stresses it is 
convenient to express eq. (1) in terms of Smax. This 
can be done by replacing S; by Smax—Sm in eq. (1). 


Thus, 
Smax=(1—p) Smt Se ve. oes 
In this way the maximum stress Smax producing 
failure is determined for a given mean stress Sm and 
material constants Se and p. The influence of the mean 
stress on the strength by this approximation can be 
shown be rewriting eq. (2) as 
Smax Sm 
SOME _(1—p)——. + 
Swp (1—p) Sy? 
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Fig. 3. Interpretation of fatigue stress data. 
or Rmax=(1—p) Rm + p (2a) 
where Rmax= Smax Rn= Sm 
Syp 


yp 

In Fig. 4 Rmax is plotted against Rm with p as 
parameter. These diagrams show that the influence 
of fiuctuating stresses on the strength may be appre- 
ciable. 

To determine working stress values for simple 
stresses, eq. (2) can be used provided a factor of safety 
is applied. When the same factor of safety N is selected 
for both the stresses Syp and Se then the allowable stress 
relationship becomes 


Smax=(1—p) Sm + p52? (2b) 


When different factors of safety are used for fatigue and 
static stresses eq. (2) becomes 
Ns 


S 
Smax=(1— 77 P) Sm +p 


(2c) 
Ne 
where Ng is the factor of safety for Syp and N¢ is the 
factor of safety for Se. 

Use of eq. (2c) in place of (2b) will depend upon the 
particular machine design problem. 

Equations 2 have been independently suggested by 
several investigators, and in view of the data available 
they are recommended here also for most cases*. Some 
investigations show that a parabola tangent at A and 
passing through D and D’, Fig. 3, might be.a better 
approximation’. Another modification in the test data 
is the difference in behaviour between cases in which 
the mean stress is tensile or compressive’. Tests show 


that, although eq. (2) is a good approximation for tensile 
mean stresses, a better approximation for compressive 
mean stresses is’ 
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Smax= Sm ad Se (3) 
That is, the range of stress S-=Smax—Sm is practically 
constant for all values of the mean compressive stress 
Sm in the tests referred to. 

If stress concentration is present, a stress concen- 
tration factor Kr should be applied to the variable part 
of the stress’. Then the equation defining failure in 
place of eq. (2) will be 


Smax=(1—p) Sm+Sr (1—Kg¢) + Se 
or K¢ S;= +Se—p Sm (4) 


The working stress relation in eq. (2c) can also be 
modified by replacing Smax by Sm+KgS;. That is, 


1 Ns ; S 
Smax= x; [ (1-H P )Sm-+ S(1—Kr ) +P 22? ] 4 


The simplest method is to use equations (2) and (4) 
instead of the other modifications mentioned, especially 
in applying these equations to combined stresses. 


UNIAXIAL STRESSES-BRITTLE MATERIALS: 


If it is not possible to avoid brittle materials when 
fluctuating stresses are present, a large factor of safety 
should be used and eqs. (2) and (4) applied. In deter- 
mining the constant p for brittle materials an equivalent 
yield strength can be selected as some fraction of the 
ultimate strength. 


BIAXIAL STRESSES-DUCTILE MATERIALS: 


Little data are available only!®. For a number of steels 
and other materials there is reasonable support for a 
distortion energy theory’; 9. By this theory the failure 
stress relation is 
Se= V/(S’:—S’:S’, +(S'2)P?— eens ae = 
(I—p) V(S"1)*—S"1S"2+(S"2)* (5) 
where S’, and S’, are the maximum values of the prin- 
cipal stresses S, and S,, and S”, and S”, are the mean 
values of the principal. stresses S, and S,. These 
stresses are shown in Fig. 5. Eq. (5) is based on the 
assumption that the maximum values of the stress com- 
ponents occur at the same instant of time. 

Similarly the mean components are assumed to 
occur simultaneously. Considering S’, as always 
greater than S’,, the influence of fatigue on the strength 
can be shown by writing eq. (5) as follows : 

Ss’; = ann aetantnnmem enna oe oe OS 
Syp  /1—B, + Bi—(I—p) VA}—A, A,B, + A3B} 
where 

B,=S’,/S’;, B,=S”,/S”, A,=S",/S’, A,=S”,/S 
If the stress ratios are equal, A, = A,=A and B,=B,.=B. 


(5a) 
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Fig. 4. Strength variation with change in mean stress ratio. 
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wt Fig. 5. Stresses on element indicating 


maximum and mean values of the principal 
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Then eq. (5a) becomes 


Ss’, p 
SS ss GB 
Syp +/ 1—B+B? [1—(I—p) A] oo 
Values of the stress ratios, S’,/Syp, are plotted in 
Fig. 6 for various values of A and B. An examination 
of Fig. 6 shows that the combined stress effect under 
fluctuating load conditions may influence greatly the 
resisting strength of the material. Fig. 7 represents 
the strength ratios for the extreme case of complete 
stress reversal. Eq. (5b) then becomes 


Ss; Pp 
| ee oe ‘aa au 5¢ 
Syp +/ 1—B+B? (Se) 
If stress concentration is present eq. (5) can be 
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Fig. 6. Strength ratios for fluctuating biaxial stresses. 


written 
Se= 
VS"; +K’, 8”: P—(S"1 +K’, 8”) ($7o+ i a Ss”) + 
(S”, + K’, S”.)>—(1—p) V/(S"1)°—S”; S72 + (S2)? (Gd) 
where K’, and K’, are the stress concentration factors 
and S”, and S”, are the variable stress components. 
That is, 

Ss”, =S’,—S”; and s: -§’,—S”, iba (c) 


BIAXIAL STRESSES-BRITTLE MATERIALS : 


A stress theory is recommended here*. If S, and S, 
are the values of the principal stresses the strengih is 


defined by 

Ss’; +(1—p’) Ss”; oo) (6) 
S’,=(1—p’) 8”, +Se i 

where p’=S-¢ divided by an equivalent yield strength 

value in static tension. If stress concentration is 

present the variable part of S, and S, should be multi- 

plied by a stress concentration factor. 


TRIAXIAL STRESSES-DUCTILE MATERIALS : 


There is no experimental data available in this case. A 
strain-energy theory® gives conservative strength values 
for triaxial stresses and is reasonably close to the dis- 
tortion-energy theory in the limiting case of two- 
dimensional stresses. For triaxial principal stresses 
S,, S, and S;, the strength is defined by 
Se= 
VS FHS Sm (81S. $8.4 9S8)— 
(1—p) +/(S”,)?-+(S"2)? + (S"s)—2m(S”S"s+ 
S”,S”,;+S”,S’’s) (7) 
The prime stress values represent. the maximum 
stresses while the double prime values denote the mean 
stresses. When stress concentration is present each 
variable part of the stresses has to be treated as pre- 
viously explained. 
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Fig. 7. Strength ratios for reversal of biaxial stresses. 
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TRIAXIAL STRESSES-BRITTLE MATERIALS : 


By extension of eq. (6), the strength is defined by one 
of the following equations : 
Ss’, = (l—p’) S$”, + Se 
S’,=(1—p’) S”’.+Se 
S’;=(1—p’) $”;+Se 
When stress concentration is present the same applies 
as before. 
The foregoing design code is an attempt to rationalize 
the determination of strength and working stresses for 
various loading conditions encountered in machines. 


(8) 
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SCATTER OF RESULTS OF HARDNESS TESTING 


By Von WALTER HENGEMUHLE. 


To estimate the irregularity of hardness of a material it is 
indispensable to have a fairly accurate knowledge of the 
scatter of results inherent to the testing machine. In 
certain cases it becomes necessary to convert hardness 
figures obtained by a particular method to the scale of 
another method; such conversion tables are very 
common, but a comparison of these shows considerable 
variations. It appears that for the construction of a 
more accurate conversion table, too, it is essential to 
know the accuracy of the various hardness testing 
machines. The error of measurement, under otherwise 
identical conditions, is the result of (a) deviation from 
the true geometrical shape of the indentor (pyramid, 
sphere, etc.) (b) inaccuracy of loading, and (c) in- 
accuracy of reading, i.e., of measuring the dimensions 
of the impression. 


Deviation from the True Geometrical Shape. 


With the Brinell 
hardness testing ma- 
chine, the area of in- 
dentation is determined 
from the diameter of 
the impression, the as- 
sumption being made 
that the impression cor- 
responds to a segment 
of a sphere of diameter 
D (Fig. 1). Owing to 
the elasticity of the ball, 
however, the impres- 
sion is not a geometri- 
cally true sphere, but 
this error is quite neg- 
ligible below a hard- 
ness of 400. A more 
serious source of error 
is the deviation of the 
actual ball diameter 
from the theoretical 
one. According to 
German specifications 
the maximum permis- 
sible deviation is +4%. 
In Figs. 1 and 2 the 
error due to such ir- 


om J-6% 
—-—0+tr% 


Brinell Mardness 4. 


Figs. 1 and 2 


(From Stahl und Eisen, Vol. 62, No. 16, April, 1942, pp. 321-328). 


regularities is shown plotted against d/D and Brinell 
hardness respectively. It shows, as an example, that at 
a hardness of 400 the error is only 0.2 in Brinell hard- 
ness units. 

Very similar is the case with the Vickers hardness 
testing machine. Here the area of i impression is esti- 
mated from the measured diagonal of the impression, 
assuming that the impression corresponds to the 
pyramidal shape of the penetrator with an angle at the 
apex, % = 136°. In practice, however, there is usually 
some deviation from the true geometrical shape ; the 
apex of the pyramid is a line rather than a point. Speci- 
fications do not set a limit to this error, but manufac- 
turers keep it low so that the error of measurement 
due to this type of inaccuracy is low. Of much greater 
importance is to keep the axis of the penetrator per- 
pendicular to the specimen. The error due to this 
type of inaccuracy is shown in Fig. 3. 

With the Rockwell hardness testing machine the 
depth of the impression is measured, which is produced 
by a certain increase of the load on the penetrator. 
By assuming that the same load, but with two slightly 
different penetrators, can produce the same area of 
impression, the error of the penetration depth can be 
calculated. Fig. 4 shows the error calculated allowing 
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Vickers Hardness WW 
Fig. 3 
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a maximum deviation 
of + 4%, or con- 
verted to variation of 
the penetrator, r= 119° 
30’ and 120° 30’, and 
r = 0.19 mm. and 0.21 
mm. respectively. 
Error of Loading. 
Specifications limit 
~ate the Seog noting 
OTs error to + 1%. e 
= = a” effect of this is easily 
" understood in * case 
et of Brinell and Vickers 
oP naan hardness testing, where 
it —-—170°30' the hardness is calcu- 
it ———779°30' lated from H = P/F, 
$0 80 100  ¥ being the load and F 
Rockwell C Hardness the resulting area of 
impression. The effect 
Fig. 4 of loading error in case 
of Rockwell machine is 
not.so simple. The permissible loading error of the 
pre-load, 2.5%, is negligible. The effect of the error of 
the main load is as follows. yee the rl os 
indentor penetrates to a depth t, which can be 
sage pe vole for a known 
oe hardness of the speci- 
wohg-1 %o men. The depth of pe- 
netration, e, due to the 
— increase of load can 
_ be also calculated from 
the known hardness of 
the material. If now 
[— it is assumed that for 
> different loads, P,/F, 
=P,/F,, then the pene- 
=. fe’ 
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- loading error can also 

) #0 eo 4 = 0 be calculated. Fig. 5 

ee anid shows the error due to 
Fig. 5 + 1% loading error. 


Inaccuracy of Reading. 

By using balls of 2.5, 5, and 10 mm. diameter 
(Brinell machine), two indentations were made on each 
of 10 polished steel surfaces of different hardness. 
Standard loads were used. With the Vickers machine 
another set of indentations was made by using 1, 2, 5, 
10, 20, 30, and 50 kg. loads. The dimension of each 
impression was then determined independently by 5 
experienced laboratory assistants by using three different 
types of optical instruments. Sufficient time interval 
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was inserted between the individual readings not to 
affect mutually the results. The scatter of readings. 
i2 
was then determined according to Scatter = = 
where i is the deviation from the mean value, and m is. 
the number of readings. It was found that the scatter 
of results depends considerably on the type of optical 
instrument used. Illumination, too, caused some 
variation of readings. 

In conjunction with the Brinell machine the follow- 
ing optical instruments were used: a 15X and 40X 
magnifier, apparatus I with 24X and 48X magnifications, 
apparatus II with 20X and 80X magnifications, and 
apparatus VI with 40X magnification. In Fig. 6 the 
scatter of readings is plotted against hardness number. 
With the 15X magnifier the scatter of reading increases 
with increasing dimensions of the impression. The 
reason for this is that for a sharp image the picture must 
be localised in the focal plane of the lens. Using the 
15X magnifier, however, considerable movement in 
depth is possible without affecting the sharpness of the 
picture. With the 40X magnifier this error was re- 
duced. The scatter was so small in this case that mean 
values could be easily plotted, as shown in Fig. 7. 
More or less the same applied to the other types of 
optical instruments. Generally the scatter increased 
with increasing ball diameter. As the hardness of the 
specimen becomes higher, the indentation becomes 
flatter and hence the reading less accurate. Steel balls, 
therefore, give greater scatter than extra hard steel. 
balls. At lower hardnesses, too, a falling off of the 
accuracy can be observed. Although there are several 
reasons suggested to be responsible for this, the question. 
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needs further investigation before a satisfactory explana- determined from the scatter of apparatus 1. For the 
tion can be given. # impression with the 10 mm. ball the scatter of the 24X 

Apart from the 15X magnifier, the greatest scatter magnification and for the 5 and 2.5 mm. balls the scatter 
of readings was obtained with the instruments 1 and 2. of the 48X magnification were used, Fig. 8. In order to 


The scatter of the hardness number’ was, therefore, facilitate the comparison of mean values, one set was 
selected arbitrarily as reference, and deviations from 


od this were marked off for the other results. Figs. 9-11 

show the corresponding graphs. Disregarding the 

- = results obtained with the 15X magnifier, the maximum 

Ball Diameter’: deviation obtained with the other instruments deter- 

—ammn mines the amount of scatter. For tests with the 10 mm. 

—3* ball the results with 24X magnification is only available 

ae for instrument 1, and 20X magnification for instrument 

2. For the impressions with the other two balls a 

mean deviation of 104 is assumed. For the calculation 

of the scatter the + half of the mean values were used, 
as shown in Fig. 12. 

For the calculation of the overall scatter only the 
above discussed three main sources of errors were 
considered. The sum of these three types of errors is 
shown in Fig. 13. This shows that the 15X magnifier 
500 = about 2 to 3 times as big an error as the other 

2 enses. 
Hardness saad For the Vickers machine the reading instruments 1 

Fig. 12 with a 48X magnification, 2 with a 140X magnification 
and VI with a 100X magnification were used. The 
error of reading varies between + 6.34 and + 2.09p for 
instruments 1 and VI respectively. In case of instru- 
ment 2 the error depends on the dimensions of the 
indentation. Once more the advantage of using higher 
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Fig. 15 
magnification becomes 
apparent, and, _ there- 
fore, the results ob- 
tained with the 48X mag- 
nification are not con- 
sidered when determining 
the overall scatter of re- 
sults. 

Fig. 14 shows the 
overall scatter for the Vic- 
kers machine for various 
loads. As can be seen 
from this graph the scatter 
is highest for small loads 
(1-2 kg) and high hardness, 

while for the rest of the 
ranges the scatter is ap- 
proximately the same. 

The scatter of results 
is very difficult to calcu- 
late for the Rockwell 
machine. The Material 
Testing Institution of the 
Government (Germany) 
has put their very large 
number of results at the 
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from which a mean scatter 
of +2% error can be esti- 
mated, 
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Consideration of Minimum Scatter in Hardness 
Specifications and Conversion Tables. 

It follows from the aforesaid that for hardness 
measurements there is a minimum scatter of results 
inherent to the testing method which must be considered 
when making a material specification. The tolerance 
of the specification must allow for at least.the minimum 
scatter and possibly for more. Hardness tolerance thus 
includes both allowance for variation of hardness of 
the material itself and scatter of the results due to various 
inaccuracies of the machine and the method, with the 
latter weighing heavily in the balance. 

If, for a particular case, hardness testing is specified 
instead of tensile strength determination then the 
hardness tolerance is determined from the specifications 
for tensile strength testing by changing the limits of 
tolerance proportionally. This fixing of the tolerance is, 
however, correct only if the scatter would be of the same 
order for both tensile strength and hardness testing. 
As, however, the scatter of hardness is usually much 
greater, the tolerances, too, should be altered accordingly 
to a value greater than the minimum obtainable scatter. 
As an example, if a steel of 70-85 kg/mm? limits is to be 
tested for hardness by the Brinell method, then the 
corresponding hardness numbers become 


70 85 
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where z is the correction for scatter. 

Particularly for structural calculations it was found 
useful to express the tolerance in such a manner that 
the lower limit is at once indicated. If, on the other 
hand, a certain hardness is required of a material, so as 
to make it suitable for a particular job, then it is better 
practice to specify the mean hardness, thus : Rockwell 
C 63 + 3, instead of Rockwell C 60-66. 

The correct method of converting a hardness 
number to the scale of another system is to substitute 
the mean hardness of the new scale for the original 
mean hardness number and then to increase the mini- 


Curvesof minimum scatter 
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mum scatter corresponding to the new hardness scale 
by the same amount as the original tolerance exceeds the 
minimum scatter of the original scale. To satisfy this 
requirement, new conversion tables should be con- 
structed. The corresponding -mean values of the 
various systems could be taken from a graph as shown 
in Fig. 15. Each point represents a mean value obtained 
by one assistant, so that the mean curve shown is really 
the mean curve of the mean values (Fig. 16). 
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The article includes also a conversion table con- 
structed on this principle. The Author realises that for 
a final conversion table the above mentioned considera- 
tions might not be sufficient. It would be advisable 
to carry out further tests and, perhaps, also with other 
types of instruments. But before a final conversion 
table is drawn up, it is essential to determine the 
minimum scatter which is inherent to the various 
hardness testing methods. 


CALCULATION OF BOX-TYPE FRAMES RESTRICTED AGAINST 
DEFORMATION 


By HANns Brirkte, VDI. 


THE framework of many machines, such as presses, 
rolling mills, etc., are of the closed frame box-section 
type. Eyes of connecting links and similar parts can be 
looked upon as closed frames too. Fig. 1 shows the 
housing of a screw press which is a statically indeter- 
minate frame. 

As the frame is symmetrical it is sufficient to con- 
sider a quarter of it. The cross beam can be regarded as 
fixed at B, and the cheek free at A (Fig. 2). Then, we 
have at A the force P/2 and thefmoment Mo. Io and 
I, are the moments.of inertia of the cross beam and the 
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Fig. 1 


. the case. 


(From Die Werkzeugmaschine, Vol. 46, No. 4, February, 1942, pp. 97-101). 


support respectively. As the angular change at the 
free end A must be zero, it follows that : 


5 [b.db bs. 
—M, = 2 22 = i ae 
* To 4s e408 

zaa + | Feld 


The moment Mg acts in opposition to the direction 
indicated in Fig. 2. Herewith, the moment at the 
fixed end B is: 


This determination of r 
Mo assumes that deforma- 
tion of the frame due to 
the force P can occur. 
However, this is not always 
As to the ex- 
ample in Fig. 1 the de- 
flection of fy of the cheeks 
is restricted by a transverse 
support. Thus, we have 
at A, the force P/2, the 
moment Mog and the hori- 
zontal force H (Fig. 2). 
The deflection fy is equal 
to the decrease in length 
Al of the half-length / of 
the cross beam. 











Further : 


£0:8.1,~ +. [bab+Mo(;° f da+ fab )— 


2 
—H(=2 [a.da+a {ab ) (1) 
fia Eo -2a Jd-db-+Mo(-;° | a.da +afdb )— 


—H(? | ada +a {ab ) (2) 


The integrals solved yield: 


2 
pa oe +Mo(j2a+b )—Ha (73 + b) (1a) 
1 


— P.a.b? | Ina 4) (F3 Je 
fu. lo= ~S +Moa 23+) Hat (5°35 +b) (a) 


§&Thefunderlying assumption is that the right angle 
between§Jcheek and cross beam is maintained after 
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deformation, and that the structure is idealized as in 
Fig. 2, not having rounded corners or fillets. The 
numerical values to the present example are: P = 
600,000 kg., a = 110 cm., b = 55 cm., 1 = 40 cm?., 
cross sectional area of box-section F = 300 cm®. I» = 
500,000 cm‘, I, = 140,000 cm‘, = = 35. Asda 
1 

vanishes due to Mo, we obtain from eq. (1a) 

760 P+440 M,—27,600 H=O 
here from: Mo=62 H—1.73 P 

This value of Mo substituted in eq. (2a), yields : 
_ 2H.1.E.Jo 

37,000 P—510,000 H EE. 

__37,000 P 
510,000 + 133,00 
Mo = 62x 0.0575 P—1.73 P = 1.82P 


With these values for H and Mo, the distribution of 
stresses, forces and moments along the axis of the box 
has been determined (Fig. 3). For comparison, the 


H= 0.0575 P 
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maximum tensile stress for fillets has been calculated, 
and is shown in Fig. 3 by a dotted line. The stress is: 


N , Mp Mp te 
o- F ter tERx'Rte 
(e=distance of outer fibre from centre of gravity) 
Where x= -! [ 2. sn at'| —— 
F R—7 R+7 F 


To evaluate this equation, the cross-section to both 
sides of the centre of gravity is divided into strips of 
equal areas Af and Af! respectively. This is clear 
from Fig. 4, where in addition the rest of the notation is 
contained, 
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Fig. 4 a 


If the axis of the frame is not of geometrical shape, 
equations (1) and (2) can be written so as to enable 
simple summation to replace the integrals. Then, 
writing db = 4S, the equations in a generally valid 
form become : 

4aEIb5=2M’.4S+M,24S—H.2a.48S (3) 
and fyE.Ib>=2M’.a.4S+M,2a.4S—H Za?. 4S (4) 


Herein, the bending moment of the external forces M’ = 


Finally, let us consider an eye of a connecting link 
as shown in Fig. 5. The centre line and the forces 
acting on the upper quadrant are shown in Fig. 6. The 
eye can only be contracted as far as the"elastic deforma- 


tion of the bolt—a’ tight fit—allows. |F* 
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The numerical values are : 
P = 1,200.000 Kg 3 ; Imax (at B) = 37,000 cm‘* 
The width of eye B = 325 mm. The 4S for each 


cross-section has been reduced by the ratio 2 to the 


reference value Ip = Imax. 
Za. 4 Sr=1300 3 Zb4 S;=430 
Za? 4 S;=26,800; Za.b. 4 S,=10,700; 
From equs. 2 & (4) 
Mo = 0.7 P and H = 0.22 P 
With these values the moments, tensile forces and 
stresses have been plotted in Fig. 7. The dotted 
curves are of theoretical interest only, as the bolt is 
rigid, i.e., fy = O. If we assume H = O, i.e., if free 
deformation of the eye is possible, the moment at the 
free end becomes : 
Mo = —-2.3P. 


The moment at B: 
Mg = (8.10—2.3) P = 5.8. P 

Fig. 8 shows the stresses and moments for this case- 

If the eye is not solid but split, Mo becomes zero, 
and H = 0.185 P 

Then the moment at Bis: Mg = 2.55P. 

Obviously the clearance of the bolt is of great 
influence on the bending moments. _If the diameter of 
the eye is made in accordance with ISA-tolerances H,, 
and the bolt according to eg, then the maximum 
clearance would be 0.354 mm., and the minimum 
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0.125 mm. For such a case the following values have 
been calculated : 


Bmax = 


MB: 
Hmin = 0.182 P Momin=+0.2 P  MBmin = 2.7P 
Generally connecting link eyes are calculated so that 


Momax = a (acting outward) 
9 
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the moment at B is taken as Mg = Pa . For the 


10 
: ; P.d 
maximum clearance this would be 3.9 P =Ms, = O7 


re whilst with free defor- 


For a tight-fit bolt Msg= 7 


: P.d 
mation Mg = $5" 


Reverting now to Fig. 1, it is important to know the 
deflection in direction of the load P, if the strain-energy 
A =+4P.f is to be determined. The cross beam fixed 
at B is a cantilever loaded at the end by P/2. In addi- 
tion there are the moments Mo and H.a. 


Thus, 
fp E. Io= 5 | b¢db+Mo|bdb—Ha/b.d.b= 


Pb* 
6 


b? b? 
+Mo-5—Haz 


or, by substitution for Mo and H the appropriate values : 


Pb? /b i 
f= 5a, G + 1.82—0.0575 a)=0.012 cm. 


The total deflection in direction of P is : 
frotal=2fp+A. A=deflection of the cheeks. 
Again, if H=O, Mo=—1.73 P and 


Pb? /b 
fe= SET. (3 —1.73 ) =0.0145 cm. 


A NEW AUTOMATIC SIZING GAUGE FOR EXTERNAL CYLINDRICAL 


GRINDING MACHINES 
(From Werkstatt und Betrieb, Vol. 75, No. 9, September, 1942, pp. 217-218.) 


A FEW automatic plain grinding machines were built 
in an attempt to apply the advantages of automatic 
machines also to this branch of grinding. But they are 
still not used generally for mass production. The 
reason for this is that many more problems must be 
solved in this case than in the case of other machine 
tools. Amongst them is, e.g., the decreasing cutting 
power of the grinding wheel during the operation. 
This makes it necessary to re-true the grinding wheel 
with a diamond and after that to adjust the machine 
once more. Also, the deflection of both the work piece 
and the machine, and many other factors, affects ad- 
versely the accuracy of the finished piece of work. 
One has to keep in mind that as a rule a very high 
accuracy is required of ground articles. Therefore, if a 
grinding machine is to work automatically, provision 
must be made to compensate all the sources of in- 
accuracy, as otherwise the product would be useless for 
many purposes. 

There is another problem to be solved : the possi- 
bility of employing unskilled labour, to increase the 


Figs. 1 and 2. External cylinder grinding machine 
adapted for automatic measuring and controlling. 
Sizing gauge and grinding wheel in working position. 
; ha! measuring apparatus, its weight partially carried by 

ring. 

(b) base of measuring apparatus, fixed on the table. 
(c) box for electrical controls (220V). 


output, as compared with the non-automatic machine, 
at the same time. Moreover, the machine must allow 
both automatic and non-automatic use, and the change- 
over must be easy and quick, as there are frequently 
single pieces to be worked besides those in mass pro- 
duction. 

The use of any apparatus checking the dimensions 
of the working piece automatically as the work pro- 
gresses does not relieve the worker from watching the 
machine and from switching it off as soon as the re- 
quired diameter has been reached. If such an apparatus 
is not available the worker must check the diameter 
repeatedly in the course of the grinding operation ; this 
decreases the output of the machine. It depends 
entirely on the skill of the worker how many inter- 
mediate checkings are needed. With «an automatic 
grinding machine, however, no intermediate checking 
should be necessary, at least their number should be 
considerably reduced. 

In the following a description is given of a device for 
automatic measuring and controlling which, fitted to an 


(d) box for control of oil pressure operated apparatus. 
(e) joint with spring for parts “‘ a” and “ f.” 

(f) adjustable holder of measuring apparatus. 

(g) scale for adjusting required final diameter. 

(h) adjustable jaw of measuring apparatus. 

(i) main lever of the machine. 
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external cylindrical grinding machine, would transform 
it into an automatic machine. The said device controls 
the machine and also the diameter of the working piece, 
eliminating therefore most of the usual sources : of 
inaccuracy. The sole task of the operator, once the 
sizing gauge is adjusted to the required diameter, is to 
change the work pieces and to switch the main handle 
**i” to its “ on ’’-position when starting. 

It is noteworthy that the whole device can be fitted 
to cylindrical grinding machines already in use, and that 
it can be switched off at any time if required. 

If the measuring and controlling device is switched 
off the machine may be operated as a cylindrical grinder 
in the normal manner. There is only one restriction 
to the use of this device : the grinding machine must be 
fitted with a quick withdrawal slide to the wheel and the 
cross feed of the wheel must be independent of the 
table travel. 

The automatic measuring and controlling operation 
is as follows : the sizing gauge is continuously in contact 
with the work piece during the grinding operation. As 
soon as the “ preliminary diameter” is reached (the 
diameter of the finished working piece plus, e.g., .02 to 
.03 mm. allowance) the measuring apparatus actuates a 
mechanism which reduces the speed of the cross feed 
of the grinding wheel. When the finished diameter is 
reached the measuring apparatus actuates once more the 
control which, this time, reverses instantly the cross 
feed of wheel as well as the longitudinal travel of the 
table. Grinding wheel and sizing gauge are quickly 
withdrawn from the work piece which comes to rest at 
the same time. 

The work piece passes between the two jaws of the 
measuring apparatus, the fixed jaw (h) and the moving 
jaw. The measuring apparatus being mounted on a pin 
joint follows the vertical deflection of the work piece 
due to pressure exerted by the grinding wheel during 
grinding. Neither does the horizontal deflection of 
the work piece affect measuring, as the jaws of the 
sizing gauge are provided with rollers long enough to 
check the true diameter of the work piece at any time. 

The deflection of the movable jaw of the sizing 
gauge is amplified by a mechanism based on the principle 
of the Hirth minimeter ; the pointer which indicates 
exactly the diameter of the work piece switches the 


cross feed of the grinding wheel to a lower specd as 
soon as the preliminary diameter (i.e., the diameter of 
the finished piece plus an allowance of .02 to .03 mm) 
is reached. By a regulating screw the apparatus can be 
easily adjusted to any required diameter. The difference 
between the preliminary diameter and the final diameter 
can be adjusted from. 0 to .075 mm. As soon as the 
final diameter is reached the sizing gauge acts again on 
the control which stops the grinding operation in. 
stantaneously. This means that the main lever “ i ” js 
automatically switched over to its ‘‘ off” position, the 
grinding wheel and the sizing gauge are withdrawn a 
high speed, the feeding mechanism is automatically 
brought back to its initial position and the work picce is 
stopped. 

The measuring apparatus is brought into position 
by oil pressure. The flow of the oil is governed by the 
main lever ‘‘ i” which must be switched to its “ on” 


position to begin work on a new work piece. The 
sizing gauge is returned to its initial position by spring 
pressure as soon as the main lever 
“cc ” 


“ce 


i”’.is switched to 


The measuring apparatus is of the so-called “ com- 
parator type” and must be adjusted to a sample piece 
of work. The first finished piece of a series can be used 
for this purpose. Adjustment is made easier by a 
pointer oscillating on a scale with a range of 0.1 mm. 

The accuracy reached with the gauge described is 
determined largely by the preliminary grinding of the 
work piece. If preparation and finishing are done in 
one operation, the accuracy is within the limits of 
Oto .004 mm. _ Itis within the limits .002 to .003 mm. if 
there are two operations, preliminary grinding and 
finishing. These limits are reached only if the work 
piece is accurately centred, if the grinding wheel is 
suitable, the feed not too quick and the cooling liquid 
sufficient and regularly supplied. Also the ratio of 
length to diameter must be considered if long pieces are 
being ground. 

The sizing gauge has a capacity for work up to 
60 mm. diameter, and is water and dust proof to avoid 
disturbances by the cooling liquid or by dust. The 
surface of the work must be free from key-ways or 
interruptions. 


EFFECTIVE COOLING FOR MACHINING 
By H. Zeper, VDI. (From Maschinenbau (Der Betrieb), Vol. 24, No. 5, May, 1942, pp. 203-206). 


ADEQUATE cooling conducts the heat away which is 
produced during cutting operation and thus avoids 
local overheating of the tool tip and the deformation of 
the work-piece. Under otherwise equal conditions, 
adequate cooling increases the production. 

To comply with the requirements of production, 
the flow of the coolant must be steady and uninterrupted. 
Interruption of the flow will cause cracking of the tool 
when the red hot tool tip comes again in contact with the 
coolant. The coolant supply must be ample, so as to 
ensure a good cooling effect and lubrication, On the 
other hand, the flow must not be too voluminous in order 
not to spray at the tool point. The direct application 
of the coolant at the tool tip guarantees the best effects. 

For the above reasons a suitable 
control of the coolant supply is neces- 
sary. The safest is to use an auto- 


matic cooling, where the pump is coupled to the 
machine drive. 

As the inclusion of air in the coolant reduces the 
cooling effect, this must be avoided. The pipe lines 
should be checked for leaks. Froth in the container, 
and splashing of the coolant where it issues are a sure 
indication of aeration. 

The main problem is the suitable distribution of the 
coolant, which varies with the work and the machining 
process. If the work is of some width, a suitable 
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distributor of coolant may be 
devised similar to that shown in 
Fig. 1. 

Turning. 

With heavy-duty and capstan 
lathes a maximum efficiency can 
be achieved if the coolant supply 
is passed through deflectors. 
These are shown in Figs. 2 and 3. 
Fig. 3 is a multiple design of the 
device shown in Fig. 2. The 
| escaping air at “a” enables a 
§ broad jet to issue at “‘ b ” with- 
) outsprinkling. The intermediate 
> walls are-~so arranged as to 
! separate the air from the coolant. 


| Grinding. 

' The role of the coolant in this process is not only 

> that of a cooling medium ; the coolant must bind the 

' metal dust and avoid clogging of the grinding wheel. 

F Figs. 4 and 5 show how a jet cap “a” supplies and 

» distributes the coolant at the required place. 

. For sharpening it is decidedly incorrect to have a 
dripping supply of the coolant. The coolant must 

» issue in a constant and abundant stream like that 


Fig 4 


shown in Fig. 6. 


Fig. 5 Fig. 6 


' Milling. 

Here, too, abundant cooling is necessary to obtain 
clean milled surfaces and long tool life. A strong jet 
(Fig. 7) should meet the edge of the cutter so that chips 
sticking to the flank could be washed away without 
being drawn again into the cutting 
process. In all cases care should be 
taken to flood the cutter (Fig. 8) already 
before cutting commences. To avoid 
splashing of the coolant, spray discs 
(“a” in Fig. 9) have been found very 
useful. With larger milling cutters a 


| spray cap (a) such as shown in Fig. 10 


is advantageous. In addition to a good 
cooling effect there is a considerable 
saving in the coolant, and machine 
and floor are kept clean. 















































Drilling. 

The cutting power and life of the twist drill is largely 
dependent on cooling. In cases where it is difficult 
to introduce the coolant externally, a tube can be 
soldered into the chip chutes, and the ccolant be 
supplied through it under pressure. The cutting 
lubricant can be supplied internally, too. This is the 
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case with twist drills used in drilling machines and 
lathes. Fig. 11 shows such a twist drill with an annular 
ring to supply the coolant through internal channels to 
the cutting edge. For deep holes a drill is used with 
internal channel through which the coolant is supplied 
(Fig. 12). The chips are removed by the coolant 
through the straight chute. 


CUTTING OIL. 


(From Scientific American, December, 1942, p. 256). 


MacHINE tools are showing increased production and 
longer tool life with the use of a new industrial cutting 
oil recently perfected. In one recent demonstration, 
the new. oil, known as ‘“‘ Cut-Aid,’’ was used on a 
machine that was throwing up a plume of smoke while 
operating at 100 surface feet a minute. After the new 
cutting oil was added to the cutting lubricant already in 
use, there was not a trace of smoke at 300 feet a minute. 
At the same time, production was increased, tool life 
extended, and a better finish obtained on the work. 

In another operation, tool life was extended from 
three hours between regrinds to eleven hours in form- 
ing aluminium on a Brown and Sharpe automatic, 
reducing ?” round stock to }{”. Finish improvement 
was declared to change from “ fair ” to “‘ excellent.” 

The new oil has proved ideal for machining 
aluminium which can be machined so smoothly that in 
many cases the machined parts do not need to be 
polished, thus eliminating a full step in production. 

The oil is also excellent for cutting magnesium and 
non-ferrous alloys and, in many cases, has set new 
standards of performance for this type of work, in- 
cluding finer finish, and cleaner, sharper, and more 
accurately machined threads. ; 

The new oil was developed by the GuLF O1L Cor- 
PORATION following eight years of study and experiment 
on animal oils, such as the oils of whales, hogs, and fish. 
These oils were chemically broken down and their 
properties synthetically reproduced, then blended with 
mineral oil to produce a cutting oil with the industrially 
desirable qualities just described. 











Screw Cutting. 

To facilitate clean threads and saveJthe cutting tool 
from wear, the correct application of coolant can be 
obtained by a distributor. This is shown in Fig. 13; 
“a” is the distributor from which coolant issues at 
“b ” so that it flows parallel to the flutes. 

Fig. 14 shows a device for tapping nuts, in which the 
nut “ b ” is always flooded by the coolant. The coolant 
enters the tank “a,” cools the nut and sweeps all chips 
clear of the thread, to be collected again at “ c.” 

If the tool is reciprocating (Fig. 15), effective cooling 
can be achieved by attaching a thick wire “a” to it, 
which is connected to a socketed joint tube supplying 
the coolant. When the tool is moving, the wire moves 

with it, and the two 
branches of the tub- 
ing move accord- 
ingly. Thus the 
coolant flowing 
along the wire 
reaches the cutting 
tool. 


ELECTRIC GRASS DRYING. 


(From Brown Boveri Review, Vol. XXIX, Nos. 1-3, 
January to March, 1942, p. 49). 


During 1942 three Grass drying plants using recuperation of the 
heat of vaporization as designed by Brown Boveri (“‘ THE ENGINEERS’ 
Dicest,” Vol. III., No. 11, November, 1942, pp. 379-81) were put 
to work. Some results are given in the Review of this Company 
which reports about the progress of Brown Boveri Designs during 
1941. 


THE three Brown Boveri plants were only a third of the 
nine grass-drying plants in operation in Switzerland 
during 1941. While all these plants produced 711 tons 
ef dry grass in 7,000 running hours, the three Brown 
Boveri plants produced 322 tons, that is 45 per cent in 
1600 running hours, that is 23 per cent of all the run- 
ning hours. This quantity of dry grass corresponds to 


. an increase in milk production of 600,000 liter. The 


grass to be dried was cut at the most advantageous 
stage of growth, that is with a stalk of 20 to 30 cm. 
A practical confirmation that the dry grass was a most 
nourishing kind of fodder was obtained when the fall of 
snow in the autumn of 1941 forced farmers to switch 
suddenly from fresh grass grazing to winter fodder, 
and it was shown that by using hay and dry grass 
instead of fresh grass, the drop in milk production to 
about.a half, which is unavoidable under old conditions 
unless artificial concentrated fodder can be supplied, 
did not occur. The amount of grass required per cow 
is 3 to 5 kg per day ; it is mixed with hay. 

The power consumed by the dryers using recupera- 
tion of the heat of vaporization—650 kW per machine— 
is at least 30% lower than that of dryers without re- 
cuperation. Grass drying with such machines is 
economic even when compared to the peace-time cost 
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of foreign concentrated fodder. The heat consump- 
tion per kg of vaporized water was proved by measure- 
ments to be on an average 580 calories, and best results 
of even 507 calories were attained. An evaporation of 
800 kg per hour corresponds to a production of 200 kg 
to 450 kg dried grass, according to the water content of 


the fresh grass. The energy consumption per kg 
evaporated water amounts to 0.64 kWh including the 
energy consumed by the motors. 

Beet-root leaves were dried as well in the machines 
and proved an excellent fodder ; formerly these leaves 
were allowed to rot, as there was no known use for them. 


COMPOSITE STAMPINGS RELIEVE CRITICAL SHORTAGES 


By G. W. BirpsaLL. (From Machine Design, Vol. 14, No. 12, December, 1942, pp. 113-15, 182-84). 


As pointed out by the ordnance department in one of its 
recent publications, there is no advantage in our pro- 
ducing three times as much steel as the Axis if the 
Axis makes theirs go three times as far. 

When a single contract calls for hundreds of millions, 
a saving that at first glance appears insignificant comes 
to assume tremendous importance. Fig. 1 shows such 
anexample. This job alone will save 23,352,000 pounds 
of brass on projected ordnance requirements through 
1943. Against this saving there is a small amount of 
copper consumed in the copper brazing operation. 
However, a pound of copper will braze more than 
1000 parts. : 

For the brazing operation, a piece of copper wire is 
fastened to the part at the two places indicated by the 
arrows in Fig. 1. As the assembly is heated in the 
furnace, the copper melts and it is drawn into the joint 
by capillary attraction. This produces an extremely 
strong joint, the final part being fully able to handle 
the job of the solid brass part. 

Another shell component is shown in Fig. 2. This 
change-over to a composite stamping saves material and 
it eliminates much machining time. Since such parts 
are made by the million, these advantages are parti- 
cularly significant. 

As originally made, this part was machined from a 
solid piece cut from cold-drawn steel bar. Each piece 
required 3.85 pounds of stock and 23 machine hours. 
Made as a composite stamping, it is produced from 
three pieces of 3/16 inch hot-rolled sheet, a material 
much less critical than the cold-drawn bar stock. 
Since only 1.81 pounds of sheet material is required 
for each composite stamping, a saving of over 2 pounds 
of metal is made per piece. 

On an order for 1,500,000 units, enough steel will 
be saved to make 3,060 one-ton bombs. 
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Fig. 1. Shell component, 


Stampings Obviate Machining. 

One type of part which must be made in large 
quantities is the locking ring shown in Fig. 3. These 
rings vary from 4.5 to 6 inches in diameter. The method 
of making this locking ring, as can be seen from Fig. 3, 
consists of an unusual sequence of operations. All of 
the press operations are fairly simple and can be done 
at high speed. Too, dimensional accuracy is made 
high by the dies employed in closing the ring. 

a 


Fig. 3. Upper view shows locking ring as originally 
machined from a forging casting or thick-walled tubing. 
Lower sketches show successive stages in making 
® equivalent part by stamping and forming. 


Cost is Reduced One-fourth. 

Finishing the ring is accomplished by cutting the 
threads on the inner circumference as shown at right. 
This is a simple operation which is done at high speed 
in an ordinary drill press, only } minute being required 
for the operation. This is against 4.13 minutes for 
machining when the part was made as a forging. Thus 
the same section as in the upper view has been dupli- 
cated to meet the physical properties and dimensional 
requirements, forging and machining capacity have been 
released, stamping and forming presses and drill presses 
have been utilized, less critical material has been em- 
ployed—accompanied by a cost reduction of 25 per cent. 

Another part in which a saving of cost was made as 
well as the release of important machine capacity is 
shown in Fig. 4. This plug was originally made from 
solid bar stock on a screw machine using .95 pound of 
material for each part. Production time was 1 minute 
per piece. As will be seen from the figure, this plug 
has threads on the outside and a hexagon head for 
applying torque. 

Redesigned as a stamping, it is made from .15 inch 
stock, now plain SAE 1010 steel. To produce the 
shape shown in Fig. 4, the part is first blanked cut from 
the heat, then drawn to the depth desired. Following 
this it is redrawn to produce the hexagon head, and 
then it is sized in a final operation. 


Rolled Threads Effectively Utilize Metal. 
Threads are produced by a rolling operation. This 

makes most efficient use of all the steel in the section. 

What is more important, it entirely eliminates machin- 


originally solid brass (upper) Fig. 2. Three stampings, 
, now a composite stamping brazed at points indicated by 
(lower). Outside dimensions arrows, replace a machined 
are identical in both parts. _ part for this booster adapter. 
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ing. The part needs only .42 pound of sheet steel, a 
comparatively abundant material. This means a reduc- 
tion in material of almost 55 per cent. Cost reduction 
amounted to 10 per cent. Fig. 5 illustrates an unusual 
assembly made by spot welding. It represents an 
adapter formerly made by machining from solid bar 
stock. That method required 2.2 pounds of material 
for each unit and 8 minutes of machining time 

Now the unit is made as an assembly of two stamp- 
ings. The larger stamping head threaded at the two 
points shown is flanged out at the top and trimmed 
accurately to fit closely inside the second stamping, 
which is formed in the shape of a hexagon. 


Spot Welding Joins Stampings. 


The flat surfaces of both parts contact each other at 
the points indicated by. the arrows. It is at these points 
that the two stampings are joined by spot welding. 

The large inner stamping is made on medium size 
presses in a series of six operations, a seventh producing 
the hexagon head at the top. The outside stamping is 
also made from flat sheet by a set of four operations. 
After assembly it is only necessary to cut the threads. 
At the same time this redesign requires only 1.25 pounds 
of material, a saving of .95 pound per piece. This is 
almost 50 per cent reduction in amount of material 
required. When made as a composite stamping, the 
adapter ring costs only 58 per cent as much as when 
manufactured from the solid bar stock. 

It will be noticed that in none of these examples is 
arc welding employed as a method of joining the stamped 
parts. Arc welding is avoided because of the critical 
alloys required in the welding rod. 

Brazing and spot welding are the favoured joining 
methods. Brazing is looked upon as generally the most 
suitable of all especially for comparatively small parts, 
for they can be handled on an extremely high produc- 
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Fig. 4 
Made as a stamping, this plug re- 


quires no machining, the threads 
being formed by rolling. 





tion basis on a conveyor-type continuous brazing furnac 
or even brazed in large quantities in batch-type furnace; 

Use of pins or rivets is also advantageous at times, 
A typical example of this method of joining stampe( 
parts. to make a composite is the hand-wheel built up 
of laminations and shown in Fig. 6. The top pier 
carries a scale as shown, and the outside circumferenc 
of each lamination is notched to assure a ready grip. Ff 

As will be seen by referring to Fig. 6, changes jp 
section are accomplished merely by varying the insid 
diameter of the hole punched in the laminations. Ty 
finish the hand-wheel after the laminations have been 
assembled by riveting, it is only necessary to thread 
internal diameter. 

While this particular example did not succeed in 
reducing the cost of manufacture, the cost being the 
same by both methods, it did substitute steel sheets for 
aluminium bar stock, thus affording an important 
economy. At the same time, it released much automatic 
— machine capacity for utilization in other critical F 
work. 


Stampings Produce Better Parts. 

All the examples of composite stampings described 
have the same dimensions at those points where the f 
assembly must fit other parts-as do those parts which 
they replace. In no instance has the composite stamp- 
ing fulfilled the purpose of the part less satisfactorily 
than the original. In a number of instances it actually 
has been possible to produce a better part than 
previously. 

Obviously it is not possible to disclose details of F 
some of the most important examples of this method of [7 
redesign. However, it is possible to discuss two more fF 
examples of the type of work being done. -Fig. 7 shows 
a fin locknut formerly made as a forging which wa — 
machined and threaded. Now it is a composite stamp- F 
ing. On an order for 2,000,000 units, this saving of 


Fig. 5 (left) Adapter is made from 7 
two steel stampings joined by spot F 7 
welds at points shown by arrows. [7 


Fig. 6 (above). Handwheel made by 7 
riveting together five laminations | 
blanked from }-inch steel sheet replaces 
part formerly machined from solid 
aluminium bar stock. 
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Fig. 7. Steel sufficient 

for,11,500 Garand rifles 

is saved by making this 

fin locknut as a com- 

posite stamping instead 
of a forging. 


Fig 8 (right). , Upper view shows forged and machined 
parts formerly required for this suspension guide fitting. 
Lower view shows brazed assembly of stampings. 


critical machine tool time amounts to 100,000 machine 
hours. While it only requires 3 minutes to machine 
one fin locknut, the saving on this order alone means that 
14 critical machine tools will be released for an entire 
year’s work to help relieve any machining bottlenecks. 

In Fig. 8 is shown a suspension guide fitting that 
formerly was made from three individually machined 
forgings. Now stamped steel parts assembled by copper 
brazing, the part has been reduced from $2.35 per unit 
to only $0.68—a cost reduction of almost 70 per cent. 

To many readers the question will arise, ‘‘ Why 
were not these parts and assemblies designed as stamp- 
ings in the first place? Why was not_this design work 
done long ago?” Here is the answer : 

Because the function of our arsenals is to develop 
improved designs, it is not desirable to freeze designs to 
permit tooling up for mass production in peace time. 
However, with the change to mass production of 
ordnance necessary to meet, our war requirements, it 
now has become practical to redesign a good many parts. 




















Redesigning Releases Machine Tools. 


Because machine tools are needed to finish castings 
and forgings, the machine tool capacity of the country 
is under a most severe burden. That is one of the 
primary reasons for changing many parts to stampings. 

Ordnance department engineers are applying these 
production methods to complete assemblies with annual 
savings like these: 


Steel ar a xe .. 6,892,000 pounds 
Brass ne oP ae .. 3,870,000 pounds 
Copper as : : 1,120,000 pounds 
Zinc ae ae ae es 100,000 pounds 
Machine time Ae 2,637,000 hours 
Material savings $750,000 


This“design activity promises to be one of the most 
important means of increasing our war output. 


HEATING BY REVERSED REFRIGERATION 


By Reais D. HEITCHUE. (From Electrical Engineering, Vol. 61, No. 11, November, 1942, pp. 556-560). 


One need look no further than one’s own kitchen to see 
the workings of reversed refrigeration. Every re- 
frigerator, air conditioner, or reversed refrigeration 
heating system works exactly this same way ; in fact 
the name reversed refrigeration is a misnomer. Heat 
is extracted from air or water, is combined with the heat 
developed by the motor and compressor, and added to 
other air or water. If the cooled air or water is sent to 
the living or working areas, the conventional air con- 
ditioning system is the result. If, instead, the heated 
water or air is circulated, a reversed-cycle refrigeration 
plant is the result. The heat comes from two sources : 
the electric energy converted to heat by the motor and 
compressor, paid for as kilowatt-hours ; and the sub- 
stance cooled. This second quantity of heat can be 
taken from the free air or from low-cost water, which, 
although of lower temperature than the room being 
heated, still contains a large quantity of heat that can 


“be made available. 


Technical Requirements of a Reversed Refrigera- 
tion Plant. 

Source of heat. The heat source must be available 
in ample quantity and must exceed certain minimum 
temperature limits, if the gain in heat is to be worth- 
while. There are two natural sources of heat : outdoor 
air and water, the latter being the only satisfactory one 
in cool climates. In large plants the cost of using city 
water would probably be too great or there might be 
restrictions on its use for such purposes. Also, in 
colder climates, the temperature of the city water, 
rivers, or lakes would, in all probability, be too low. 
The drilling of private wells, then, appears to be the 
only way of affording a source of heat in colder climates. 

Where the outdoor temperature seldom falls to 
freezing, air may be employed as source of heat. A 
disadvantage in this case is, however, that the air tem- 


perature is lowest when the need of heat is greatest. 

Coefficient of Performance. The efficiency of a 
refrigerating machine is defined as the coefficient of 
performance (COP), and is simply the ratio of output 
to input. In a reversed refrigeration machine, the 
output is measured at the condenser, and, disregarding 
losses, is equal to the heat represented by the motor 
watts plus the heat removed from the source, or the 
refrigeration effect. The input is the heat equivalent 
of the motor watts. The expression then for the 
efficiency is : 


CoP— heat from electricity + heat from source 
: heat from electricity. 


The coefficient of performance is greatly affected 
by the temperature of the heat source and very much 
dependent upon the condensing temperature, which in 
turn is dependent upon the medium employed to transfer 
the heat from the refrigerating machine to the building. 
In the household refrigerator, the room air is circulated 
over the air-cooled condenser, absorbing heat directly 
from the refrigerant through the metal of the condenser. 
Instead, water-cooled condensers are employed for 
large installations. The heat from the refrigerant is 
first transferred to water, and then by means of additional 
heating coils, the heat is transferred from the water to 
the room air. 

The coefficient of performance for an actual machine, 
a 100 H.P. condensing unit operating at several eva- 
porating and condensing temperatures is shown in 
Table 1. ; 

Operating Costs. The installation and operation 
of a reversed-cycle heating plant is economically practi- 
cal only when the total cost of operation is equal or less 
than the cost of heating by other methods—coal. gas, or 
oil. 
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Table I.—Effect of Evaporating and Condensing Tem- evaporators of the type commonly used in air-condition B weuwa 


























































































peratures on the Coefficient of Performance ing work, and air cooled, extended-surface condenser, & "wr. 
100-Ton Condensing Unit. a conditioned-air fan and an exhaust fan (Figs. 1 and 2), 
_ Winter operation (Fig. 1) is as follows. Air drawn _ 
es c=} Ee a in from outdoors and air returned from the air-con. 
g B 8 2g 5 ditioned space mix in the mixing chamber in abou 
2 e & 3 § gb &§ 7 ew proportions and divide into two streams. One 
FI : g 2 a $2 228 3 of these streams flows through a set of filters, then over 
3 5 ae > <6 Seo . the evaporator where the air gives up heat to the re. ( 
E E ia 3 Moy gan a frigerant in the evaporator. The air then passes through 
6 Ca) : : . é 
fad Me BBE m Se BE S the open dampers into the exhaust-air fan which dis. 
2 2 cee ¢ Ege tape § charges the air to the outdoors. The other stream 
3 4 8 Ps S 3F SS 8 flows over the other set of filters, then over the con- 
gh Bu <6 . Re S me 4 denser, which heats the air, after which it passes through § ——— 
ae se § 52 3 §e0 38-3 8 the open dampers to the conditioned-air fan which 
mA OA tea _*& a ro a delivers the air to the ducts leading to the air-con- 
50.... 96....1,430,000.... 87,000. ...297,000. . . .1,727,000.. . .5.80 ditioned space. When the outdoor temperature falls 
40.... 96....1,185,000.... 83,300....285,000....1,470,000....5.15 below 35 deg. F, a thermostatically controlled valve 
34.... 96....1,040,000.... 80,500... .275,000....1,315,000... .4.78 admits city water to the preheating coil. The city water 
50....117....1,290,000. .. .100,000. . . .341,500... 1,631,500... .4,77 being at a temperature of 60 deg. F, adds sufficient heat 
40....117....1,055,000.... 94,500... .323,000. . . .1,378,000....4.26 to the incoming outdoor air to prevent the formation 
34....117.... 920,000.... 90,400... .309,000..,.1,229,000. .. .3,97 of frost at the evaporator. With an outdoor tempera- Heat 
When the refrigeration and air conditioning equip- EXWAUST-AIR FAN. CONDITIONEO-AIR FAN Another 
ment is necessary during the summer months to provide a it to on 
cooling, and the heating load is not much greater than ip evapora’ 
the cooling load, the capital investment and interest .. coolers 
charges are not of major consideration and only the 2 discharg 
depreciation and maintenance expense should be euale water i 
charged against winter operation. In such cases, the a closed | 
cost of electricity would be the determining factor. If eight 4 
the cost is high compared with coal, gas, or oil, it might densing 
be cheaper to install a separate heating plant. If there the wat 
were a considerable disparity between the heating and delivers 
cooling loads and if cooling were a summer-time re- wards t 
quirement, then winter operation should be charged The 
with only the additional equipment employed and the the coef 
depreciation charges on the whole plant. each cc 
Practical Applications. degrees 
Reversed-Refrigeration Plant in California. Air is <3 ap i 
the source of heat of the plant which serves the Westing- pressor deli : 
house Electric and Manufactg. Co. district office build- jg 
ing in Emreyville, Calif. The heating equipment a se 
consists of two 74 H.P. compressors, extended-surface om ee ee eee ee aid tae ao Sitios 
OUTSIDE air RETURN AIR 135 de 
EXHAUST-AIR FAN CONDITIONED-AIR FAN : temper 
Fig. 2. Cooling cycle. temper: 
ture of 35 deg. F, the air delivered to the air-conditioned & ,, ane 
space leaves the condenser at 90 deg. F, and the co- the he: 
efficient of performance is approximately 5. This high @ , ' 
coefficient is obtained by using the mixing chamber § ,, ao 
where the temperature of the air is higher than that of Wh 
the outdoor air and yet lower than that of the air re- & , cony, 
turned from the air-conditioned space. By thus in- 
troducing and discarding the air needed for ventilation 
most of the heat is regained at the evaporator that was 
given up to the ventilation air at the condenser. 
When weather conditions are such as to require 
cooling, a thermostat located within the building Exy 
changes the position of the two sets of dampers, closing JJ of time 
the one and opening the other (Fig. 2). iron, ¢ 
z Reversed-Refrigeration Plant in Connecticut. The mesh, 
wager PaeasoR probably largest such heating plant in the world is J shows 
installed in the new administration building of the pressec 
| United Illuminating Company, New Haven, Conn. & for acc 
ee Se Well water of about 58 deg. F throughout the year 1s pressus 
OUTSIDE AIR RETURN AIR used, Sex 
. : — Six well pumps having a combined capacity of 600 sample 
a gallons per minute draw water from underground and § ‘overe 
ae Oe. deliver it to a large sand-setting tank (Fig. 3). From B 1425 t 


Fig. 1. Heating cycle. here the water flows over a weir to a second tank. Ito T 
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Fig. -3. 
Heat flow in the United Illuminating Co’s. plant. 


Another pump takes water from this tank and delivers 
itto one or more of eight water coolers, which are the 
evaporators of the refrigerating system. In these 
coolers, the water is reduced in temperature and is then 
discharged to the sewer. The heat removed from the 
water is raised in temperature and transferred to a 
closed hot-water-heating-system by one or more of 
eight 40 h.p., hermetically sealed, water-cooled con- 
densing units. A pump in this water circuit circulates 
the water through the eight condensers in series and 
delivers the water to the air-conditioning units ; after- 
wards the water is returned to the first condenser. 

The condensers are connected in series to increase 
the coefficient of performance. With this arrangement 
each condenser raises the water temperature several 
degrees, and only the end condenser is operated at the 
final condensing temperature and pressure. 

The heating system was designed on the basis of 
delivering water 124 deg. F to the heating units when 
the outdoor temperature is 20 deg. F. For outdoor 
temperatures below this value, the temperature of the 
heating water is increased, and reaches a maximum of 
135 deg. if the outdoor temperature is zero. For 
temperatures above 20 degrees, the heating water 
temperature is lower than 124 degrees. 

Control of the condensing units is obtained through 
an outdoor compensated type of thermostat located in 
the heating-water circuit. This thermostat, through 
a step controller, turns on or off the condensing units 
as required. 

When cooling required, the equipment operates as 
a conventional summer air-conditioning plant. 


Table Il. Compressor Hours Operation and Per Cent 


of Available Hours Versus Degree Days. 











Compressor- Per Cent of Degree- 
Month ours Available Hours Days 
December 1940 ........ eS ere ) eer 912 
January 1941 .......... oe BD iccerccces 1,184 
February 1941 .......... DM iecctancesee Me sdetxccnre 985 
pO eee DM ccke'es canada PE 6c cceewicns 956 





Table Ill.—Coefficient of Performance for Heating 
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December 1940 ........ 10,380. .6.5. .5,620. .81,915. .2,800. .8,420. .3.00 
January 1941 .......... 11,480. .6.5. .6,230. .86,615. .2,960. .9,190. .3.10 
February 1941 ........ 9,460. .6.5. .5,120. .77,780. .2,660. .7,780. .2.92 
March 1941 .......... 9,750. .6.5. .5,275. .81,215. .2,780. .8,055. .2.90 





The operating data on this reverse-refrigeration 
plant are shown in Tables II. and III. The figures in 
the “‘ temperature difference” column were obtained 
from recording thermometer charts, the temperature 
of the well water being practically constant at 574 deg. 
F and the average temperature of the outlet water being 
approximately 51 degrees. The figures in the “ net ” 
column show the total power consumed, including 
well-pump motors, condenser-water-pump motors, 
and booster-pump motors. Power of the -ventilation 
fan is not included. The average COP of 2.98 shows 
that three times as much heat is obtained from this plant 
as would be obtained from direct resistance heating. 

Residence Application. For residences and small 
offices a self-contained, portable heating and cooling 
unit has been made available. It can be installed in 
any standard window, requires neither water nor drain 
connections, and plugs into an appliance outlet. It has 
sufficient capacity to heat a single room with an out- 
door temperature above 40 deg. F. Heating or cooling 
is selected simply by operating a special four-way valve. 
This new type of unit is mounted in the window so that 
one coil is outdoors and the other coil is indoors. The 
compressor motor draws 850 watts and the average 
coefficient of performance is 2.28 with outdoor tempera- 
ture 60 and indoor temperature 75 deg. F. 


POWDER METALLURGY 


(Continued from p. 31, Fanuary issue) 


Experiments have been made to determine the effects 
of time, temperature and pressure upon the density of 
ton, cobalt and nickel. The particle size was—200 
mesh, with about 50 per cent—300 mesh. Table I. 
shows the composition of the powders used. They were 
pressed into a steel mould using a hand operated press 
for accuracy and the size of the bars, to obtain uniform 
pressure, was 4 by } by 1} ins. 

Seven different pressures were used for the iron 
samples and they were sintered in an iron boat lightly 
covered with aluminium oxide to prevent sticking at 
1425 to 1450° C for 32 hours in hydrogen. The Tables 
I. to IV. are useful and self-explanatory. 


An alloy of iron, nickel and cobalt has beenfproduced 
by the sintering process that has all the characteristics 
of the same material made by melting, the chief cha- 
racteristic of this alloy being that it follows the expansion 
coefficient of certain grades and is stable over a wide 
temperature range even extending to liquid-air tem- 
peratures. The General Electric Coy.’s laboratory has 
produced nickel-molybdenum and _nickel-tungsten- 
alloys by sintering which, when welded to nickel, 
produce couples capable of operating in hydrogen 
furnaces at temperatures up to 1300° and 1400° C 
respectively. Tests on nickel-molybdenum-nickel 
couples over periods above 3,000 hours at high tempera- 
tures have shown that they do not vary more than plus 
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Table I. Composition of Powders 
Used in Experiments With Density 
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Table IIA. Effect of Pressure on 
Density of Sintered Iron 
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Table IIB. Effect of Temperature 
on Density of Sintered Iron 








of Sintered Materials Temperature ie > Seren centigrade ; Pressure 30 tons per square inch ; time 32 how; 
Iron Nickel Cobalt 

ce Sample Pressure (PSI) Density Sample Temperature (C) Density 
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Table IIC. Effect of Time on 
Density of Sintered Iron 


Temperature 1,425-1,450 degrees centigrade ; 


Table III. Effect of Pressure on 
Density of Sintered Nickel 


Temperature a 1,400 degrees centigrade ; 


Table IV. Effect of Pressure on 
Density of Sintered Cobalt 


Temperature 1,375 degrees centigrade ; time 32 











pressure 30 tons per square inch time 32 hours hours 
Time Pressure Pressure 

Sample (Hours) Density Sample (PSD Density Sample (PSD Density 
A Pe ee Diciints sistoe wis canes 15 Riantvereeke 140,000... 0s. cecees 8.722 Dricwercrnec orice 140,000... cccccece 8.66 
esto ilscauates/orslors «bis TSS SSR SR fo 755 ) er 120,000... ...ssceee 8.787 : ere 10.00) era 8.66 
Bisiiebesins ss sess EO Se Tan IE 1 7.67 Dia aisiaeateeine ae 100,000.....-.+e00- 8.783 Besa vvedubaen TOI o 5:0 so ciciesie 8.59 
| EES SA eo SEE 7.658 Be omiwcsicintewte 80,000... 2. cecee 8.763 Bice ees alse 80,000. 3....cceee. 8.7 
Dun eesdasty seo elene Biss cls sto ce eleeusieccite YALL ics se chew etiera RIOD «6 0s 'i¥ic.0 oo 8.725 ere SEN 6 Sonics shea 8.71 
DG wibis diss hieinie poe be ee 7,807 Diaiaverorotare, bi /0 018 1 Serer vee. 8.624 Diaiva,s:4ie swears WOOO vce sccccsss 8.7 
Diss seusiiasene De euites onlcnsion 8.597 yee: 20,000. 22.0 sccccee 8.480 Deiingiieree tbs BOMOO 6c csecce ces 8.72 
Ba cincaewncices FOO oc cescicerees 8.69 
or minus 5 degs. C from the original calibration. Fig. be passed into a commercialffurnace and maintain this 
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1 shows the change in multivolt output with the change 
in composition of the nickel-molybdenum alloy used 
against nickel at 1,000° C. The same relationship for 
the nickel-tungsten-nickel alloy is shown at Fig. 2. 
The sintering of “ 18-8 ” stainless steel (74 per cent 
iron, 18 per cent chrome, 8 per cent nickel) requires an 
atmosphere with an extremely low partial pressure of 
both oxygen and water vapour. Pure hydrogen is one 
of the best mediums for this purpose. The gas cannot 
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Fig. 1 
Change in millivolt 
output with change 
in composition of 
nickel-molybde- 
num-nickel ther- 
mocouples. 


mv AT 1000 DEG C 





° 10 40 


PER CENT —W 


Fig. 2. Change in millivolt output with change in 
composition of nickel-tungsten-nickel thermocouples. 


low initial pressure of water vapour. The sintering can 
be%done in a closed tube or some tight container pro- 
vided with only a small leak for renewal of the pure gas 
atmosphere. 
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Fig. 3. Comparison of equivalent permanent magnets 
made of Alnico and various other materials. 
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The results of tests made with the “ 18-8 ” powder 
and also with a powder of Prof. Wulff of the Mass. Inst. 
of Technology are shown at Table V. Prof. Wulff’s 
powder did not press very solid at 30 tons per sq. in. 
and the sharp corners of the pressed bars crumbled on 
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reverse of the result usually obtained with iron powders. 
The elongation and reduction of area increase with the 
decrease in particle size. 

The results of tests of a powder called Hastelloy B. 
are shown at Table VI. Its content is 65 per cent 








Padaaiec eas steler ee 















handling. Bars sintered at 1375° C gave the results nickel, 28 per cent molybdenum, 7 per cent iron. It 
shown at Fig. 2. With a decrease in particle size the has been made from electrolytic nickel and iron and 
percentage shrinkage in volume decreases, which is the hydrogen-reduced molybdenum, and also from reagent 
a ee ee oxides hydrogen-reduced to give the metals. Sintered 
able V. Results of Sintering “ 18-8” Stainless Steel Ajnico is a powder made from aluminium, nickel, 
cobalt and iron. Cast Alnico develops a large grain 
i. y Ss structure, is brittle, has low impact resistance, but the 
a a 33 88. 83 oS x fine grained sintered material is strong and has a re- 
v = ov oh Os = 00 os . . : : 
a $3 £5 Oo 34 O & Geo = latively high resistancs to shock. It lends itself to the 
g be 8S ob BS BS SEY Fi mass production of small parts and may be pre-sin- 
Hn A BA ME mS A mas A tered and formed from stock material, where a few 
ar. parts are needed, without making a mould, but pressing 
18-8" Made from Mixed Powders a shape by a single operation. A comparison of Alnico 
5001 12k.a ler ©” 1117324! 19500 2 1.500°F., 733 ‘Magnets with equivalent permanent magnets of other 
24,500 to 27,500 material is shown at Fig. 3 
6. .—200 ae). er 19.5..30) at 1,500°F after lass The uses of powder may be classed under two 
om cent reduc- ( divisions, the mass production of machine parts that 
ff’s “18-8 Powder do not require high strength such as oil-pump gears, 
: afi 4200 ..11.5..62 27 ..21. .54,500 7.996  Ddearings, etc., and the production of materials that 
""200+325 1110.2..64 ..56 :.44..58,300 |....:!!) 7/8856 require some specific characteristics such as ductile 
325 AF O6 O62: 45. SOGOU... occc ene 7.895 tungsten for lamp filaments, cemented carbides for 
cutting tools or sintered Alnico for magents. 
Table VI. Results of Sintering Hastelloy 
Sintering 
Par- Tem- Tensile Tensile Strength Per Cent Rockwell 
Sample ticle Pressure perature Time Per Cent Tempera- Strength After 25 % Per Cent Reduction B Hard- 
No. Size (PSI) (C) (Hr) Shrinkage ture of Test (PSI) Reduction Elongation of Area Density ness 





Hastelloy From Mixture of Hydrogen-Reduced Molybdenum Oxide, Electrolytic Nickel and Electrolytic Iron 


C28 vi eee oD ae IGS... 158 «. 

C29 | A Room ...... 87,000 20.0 ....11.95....8.16....68.0 
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Hastelloy From Mixture of Hydrogen-Reduced Oxides of Molybdenum, Nickel, and Iron 
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Effect of Time on Hastelloy B es Per Cent Molybdenum Trioxide Plus Nickel and Iron eee 

D8 . 94.3 
D9 | 1. . 46.9. . 92.3 
ne . 60,000... .1,250. Ns ace . 89.5 
nf “8 ieee . 96.5 

Di2 0. . -96.0 








CARBORUNDUM IN FOUNDRY PRACTICE 
By OBERINGENIEUR CHR. BRUCHHAUSEN, Bonn. (From Die Giesserei, Vol. 29, No. 12, 1942, pp. 208-211). 


I. AMONGsT the various types of heat-resisting gg: ducts of high clay content, the high percentage car- 


materials, carborundum becomes increasingly impor- 
tant. Owing to its exceptional properties it is not only 
used for special purposes in steel and other foundries, 
but also as a substitute for Sillimanite, which is not 
available during the war. 

II. Until shortly before the war, several types of 
carborundum bricks with decreasing carborundum 
content were manufactured. It was found, however, 
that bricks with a small carborundum content were 
considerably weaker than those containing a higher per- 
centage. Two or three types were thought to be 
sufficient for all practical purposes, and partly owing to 
the war, only two kinds are manufactured at present. 
While the thermal properties of the type with medium 
carborundum content approach those of special pro- 





borundum materials (85% SiC) are unsurpassed. The 
compressive strength of 1000 kg/cm? is extraordinarily 
high. The coefficients of linear expansions are shown 
in Fig. 1, and it is obvious that with carborundum, 
whose coefficients are least, the interior stresses set up, 
even when lighting a furnace, are very slight. 

As shown in Fig. 2 carborundum differs from other 
materials by its increased thermal conductivity. Car- 
borundum is, therefore, frequently used where heat 
transfer is of special importance, though occasionally 
it is necessary to take special steps to reduce such 
transfer in order to utilize other special properties of the 
carborundum. Due to their composition and high 
density, the bricks offer great resistance to various 
streams of molten metal in the furnace. One particular 
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property, however, must be taken into consideration 
before carborundum bricks can be used. The brick 
may be decomposed in the presence of Oxygen to form 
Silicon oxide. Thus 


Care must, therefore, be taken to protect carborundum 
from the oxydising effect of the air. Suitable methods 
of construction are described in Part III. In order to 
increase the resistance of the carborundum to oxydation, 
a special process of manufacture was adopted, whereby 
the surface of the brick was glazed. Further, by se- 
lecting raw materials and suitably reducing the grain 
size, the possible oxydation due to excess air was re- 
duced to a minimum. 


III. As described above, the carborundum bricks 
offer great resistance to the disintegrating effects of 
liquid slags. This property-has been proved under the 
most severe conditions. The part that is mainly 
attacked is at the height of or just above the top level 
of the fuel where the highest temperatures are en- 
countered. There are some cases where satisfactory 

results have only 
been obtained after 
carborundum 
bricks have been 
fitted. 


After the su- 
periority of the 
carborundum 
bricks in resisting 
coal slag in fur- 
naces had _ been 
proved, they were 
used in tiled fur- 
naces fired with 
coke, to melt 
nickel. The ma- 
terials used pre- 
viously all showed 
insufficient strength 
and durability 
owing to the high 
wear caused not 
only by the fire 
itself, but also by 
the slags. When 
good results con- 
tinued to be 
achieved with car- 
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borundum bricks, they were built into tiled furnaces for 
the production of tool-steel. Here, too, the carborun- 
dum was superior to the previously used bricks with high 
clay content. 

As carborundum is comparatively expensive, the 
arrangement of the bricks was such that only the barest 
minimum was required. The arrangement is shown 
in Fig. 3. The wear as encountered previously, is 
sketched on the left, while on the right hand side the 
carborundum bricks show no sign of wear after 300 
charges. 

In order to eliminate the oxydation described in 
Part II., high grade heat-resisting bricks were fitted at 
the height of the grate, where wear is least. This was 
followed by carborundum bricks, and at the top another 
layer of heat-resisting bricks were used. 

When fitting carborundum bricks, the heat distri- 
bution in the wall must be carefully checked, in order 
to ensure that, due to the high thermal conductivity of 
the carborundum, the temperature is not raised ex- 
cessively, thus damaging the other bricks. 

Great care must be taken in choosing a suitable 
material for binding the bricks. Ordinary mortar is 
liable to be oxydised before the brick, thus forming 
cracks at the joints. A special mortar is, therefore, 
used whose heat-resisting properties are similar to thost 
of the carborundum bricks themselves, and which is not 
attacked by the oxydising gases. 

IV. Carborundum serves a different purpose in 
aluminium furnaces where it is used to protect the 
electrical heating element from the aluminium spray. 
The high thermal conductivity found in high grade 
carborundum is utilized, as well as the high mechanical 
strength which offers resistance to shocks produced by 
the stirring rods and the solid charge. Fig. 4 shows 
the arrangement for this case, while Fig. 5 shows an 
arrangement whereby the aluminium is heated indirectly 


Fig. 4. 
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in gas-fired furnaces. In order to increase mechanical 
strength, and mainly to improve thermal conductivity, 
the carborundum plates are corrugated as shown in the 
illustration. Resistance to oxydation is of great im- 
portance, particularly as the water vapour present in 
the gases helps the reaction between oxygen and car- 
borundum. With increased decomposition the plates 
buckle owing to the onesided chahge in volume and 
cracks are produced; the plates thus become ineffective. 
Vv. In the enamel plants frequently attached to 


* foundries, the carborundum is often used for the pro- 


duction of baffle plates. The thermal conductivity is 
used in a rather singular manner. Jn order to obtain 
the unequal heat which is required various qualities of 
bricks are used. As an example, if the roof of the 
furnace is lined with high grade carborundum bricks, 
and ordinary heat-resisting bricks are used for the floor, 
a high overhead temperature will result. It has been 
found that good resistance to oxydation is only obtained 
when carborundum bricks made by the above men- 
tioned special process are used. 

VI. The excellent properties of carborundum 
suggest that this material might be used advantageously 
for crucibles, e.g., for aluminium casting. Good 
results may be expected, as the carborundum has a 


» higher tensile and bending strength than any other 
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Fig. 6. 
SiC- 
Bricks 


heat-resisting material. It would have to be deter- 
mined by experiments, however, if a ceramic material 
will compare satisfactorily with the steel used at present, 
under changing temperature conditions. To prevent 
oxydation only the glazed bricks could be used. 

It may be of general interest to note that carborun- 
dum already replaces graphite in zinc melting plants 
where the improved thermal conductivity is fully 
utilized. 

Despite its comparatively high cost, it is expected 
that the uses of carborundum will be greatly extended 
in the future. 


THE AERODYNAMIC DESIGN OF WING STRUT ROOTS 


By Diet. ING. W. PFENNINGER, Institute for Aerodynamics at the Swiss Federal Technical College (E.T.H.), 
Zurich. (From Flugwehr und Technik, No. 9, 1942, pp. 237-241). 


THE increase in speed of new military aircraft present 
new problems in wing design. On the one hand, the 
aerofoil section, having regard to compressibility, 
should be as thin as possible while, on the other hand, 
the torsional stiffness should be at a maximum on account 
of the centre of pressure movement due to the effect of 
compressibility and considering the question of flutter. 
Also, as the size increases, it becomes more and more 
difficult to ensure sufficient rigidity of a wing of a 
reasonable structural weight. For these reasons the 
cantilever wing design has to give place to braced wing 
structures with external struts, this, of course, pre- 
supposing that the drag of the struts can be’ reduced to 
such an extent as to make full use of the structural 
advantages offered by braced wings. In principle, the 
usefulness of the strut can be increased if it is fitted so 
as to produce lift as well as drag. The ideal case is that, 
where the section polar of the strut is the same as that 
of the wing, the wing area could be made smaller 
accordingly, and the total drag of wing, plus strut, is 
not greater than that of the larger wing alone. Actually, 
the profile drag of the strut is greater than that of the 
Wing on account of its lower Reynolds number. 

Figs. 1 and la show that even at low Reynolds 
numbers the profile drag can be kept down. (The 
thicknesses (t) in percentage of the chord (d) of the two 
sections shown in Fig. la are 6.75% and 9% respec- 
tively). With boundary layer control (suction through 
a slot at 77%, chord length from the leading edge on the 
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Fig. 1b. Hot wire photograph near the trailing edge 
on the upper surface. (a) Turbulent flow, no boundary 
layer control; (b) Time marks (f = 400/sec.) ; 
(c) Laminar flow due to boundary layer control, 
a 
Cov FE 0.0009 
Re=0.275 x 10° ; U!/u=0.0044. 


upper surface of aerofoil section (2)), laminar boundary 
layer flow over a considerable range can be maintained, 
resulting in low profile drag. The boundary layer has 
been determined by : 

1. Applying to the wing a layer of petrol-soot 

mixture, 

2. Acoustically, by means of a stethoscope ; and 

3. By hot-wire observations. 

Fig. 1b shows a flow photograph obtained by the 
hot-wire method. 

Fig. 2 illustrates that a very small quantity of air is 
necessary to be sucked away to keep the boundary layer 
flow laminar. The diagram refers to aerofoil section 
(2) in Fig. 1, CQopt and Cpopt, the optimum quantity 
of air to be sucked away and the optimum static pressure 
in the suction chamber respectively, both associated 
with the minimum profile drag, are plotted as a function 
of Reynolds number, Re. 

Without boundary layer control low profile drag can 
be obtained by pushing the transition point further 
back. Such an aerofoil section is shown in Fig. 3, 
together with its profile drag Cwoo. Fig. 4 shows the 
position of the transition point as a function of Reynolds 
number. With increasing Re the transition point 
moves forward, this being due to increased turbulence 
of the air stream. (Note the increase of Cwoo from 


Cpt 
000104-920 : 


are sa43mm 








7 


ye" 





-4t6 





LL 
|Get 


qowe\-9/2 ___ amn 
er set 
a : A 


GO00H =408- 


























“ 
nse. 
bo 
ae 4 506 F 

Pig.2 











70 


Chord't.45/mm, ay & 
; Wing ts 


pressure 
Ke, 


DIGEST 








a/t 6.85% at 49, t 
7\frge leading edge 
é 601 mm 





$e 90044 -40000 


3 Re 


6 
Pig % 


about Re=2 x 10° in Fig. 3 which is due to the forward 
movement of the transition point). 

Fig. 5 shows the model of a root attachment to the 
wing, such as has been investigated in the wind tunnel 
of the E.T.H. The wing chord t=750 mm, the lift 
coefficient Ca=0.3, d/t=9.5%. Near the root attach- 
ment the strut is thinner than elsewhere. The inter- 
ference effect between root fairing and wing has been 
reduced by decreasing the thickness of the inner wing 
section over a region bounded by cross-section (6) in 
Fig. 5 (note section 1-1 and 4-4 for comparison). 

The results of the boundary layer investigations at 
the root are shown in Figs. 6 and 7. : 

The way in which the boundary layer is formed is 
reflected in the magnitude of the local profile drag. In 
the undistrubed region CWoo is small. In the two 
turbulent wedges the drag of the wing increases rapidly. 
Between both turbulent wedges there is a partly laminar 
region of correspondingly smaller drag. The maximum 
drag is just behind the root attachment. At the inner 
wing the drag is greater than at the outer wing. This 
is obvious from Fig. 6, where the earlier transition to 
turbulent flow in the inner wing is shown. The greater 
part of the drag is, of course, interference drag as the 
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drag of the complete strut (including root fairings) 
alone is very small. A great reduction of interference 
is possible by making the wing trough-shaped at the 
root attachment, and by boundary-layer control. 

With modern aircraft the boundary-layer is turbulent 
at 20-30% of the chord length from the leading edge, 
ie, where the strut root would begin. This means 
that in such a case the transition from laminar flow 
begins but little earlier at the inner wing than at the 
outer wing, and the interference effect of the strut is 
then of secondary important only. 
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Fig 8 shows a suggested improved. design for a 
braced monoplane. The struts take the bending 
moments and the torsional moments and make the wing 
torsionally stiff. Especially, the inner wing carries less 
load due to bending and torsional moments, and can 
designed accordingly with a thinner aerofoil section. 
The gain in profile drag partly balances the drag of the 
struts. Fig. 8 shows also another suggestion, i.e., the 
reduction of the commonly used V-struts into a single 
strut which is made clear by the plan, consisting of a 
front strut in a dive under compression and a rear tie 
in a dive under tension. 

By adopting this principle of design the length of 
the compression members can effectively be reduced. 
The inclusion of an auxiliary strut shown at 2 acts in the 
same way, and enables the struts to be built with a small 
head area. To get small root fairings, the bolts by 
which the struts are attached are within the wing and 
fuselage. 

Fig. 9 shows a two-engined monoplane where the 
above principle of minimum interference in strut 
design have been applied, and may be noted that the 
ends of the struts in Fig. 8 and 9 are thinner than the 
centre section. 

In conclusion it may be urged that the phenomena 
described in this article are common to other problems, 
and the principles outlined can be usefully applied to 
when designing roots and turbine blades. 


| Engine nacelle 
— 








.|Fuselage 


a 








| 

| 
ar 
| _[ Fuselage 


op 





























: 





Pig.y 


BROWN BOVERI MERCURY RECTIFIERS (MUTATORS) 
(From Brown Boveri Review, Vol. XXIX., Nos. 1-3, January to March, 1942, p. 29-31). 


PRODUCTION of high direct cu rent voltages has been 
studied from the point of view of power transmission, 
= not only high voltages but high currents 
as well. 

It was found that a mutator in two anode operation 
is better utilized than one in six phase connection. A 
new connection for mutators has been developed (Fig. 
1) which is especially suitable for high voltage trans- 
mission. 

Tests carried out in the test department of Brown 
Boveri have allowed to attain 30,000 V and 150 A direct 
current with one single mutator operating on two 
anodes. Assuming that three anodes are connected in 
parallel and that the above mentioned system of con- 
nection for the mutators is used, a d.-c. voltage of 




















Fig. 1. Small six-phase mutator unit formed of three single- 


hase units. 


a, b, c, Direct-current voltages generated by the three mutators. 
d, The direct-current voltage attained through the series con- 
nection. This connection leads to an anode burning time of 180° 
and, therefore, to the most advantageous utilisation of the mutators. 


100,000 V at 450A direct current may be produced 
which corresponds to 45,000 kW. This is considered 
as the basis for the creation of a feasible high voltage 
d.-c. transmission system. 

The development of heavy-current mutators for 
voltages up to 1000 V for electrolytic plants was con- 
centrated on the single-anode tank*. One of the out- 
standing features of this type of rectifiers is the low 
voltage drop in the arc attained by the short distance 
between anode and cathode. It is, however, considered 
as possible to apply this principle in multi-anode tanks 


*(See about American Practice : Ignitron Rectifiers in Industries, 
bs 4 J. H. Cox and G. F. Jones, “‘ THE ENGINEERS’ Dicest,” Vol. 
III., No. 12, December, 1942, pp. 414-418). 





Fig. 2. Three-phase set. with single-anode 
mutators on the test bed. The tests cartit 
out up till now, with these mutators, have 
shown interesting results from which mult: 
anode mutators may also benefit. 
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Fig. 3. Erection bay for air-cooled mutators. 


as well. The questions of maximum-specific loading of 
the anode as well as the subdivision of the auxiliary 
services are still subjects to tests and experimental work. 
Fig. 2. shows a three single-anode rectifier on the test 
bed. 

The development of air-cooled rectifiers has been 
continued. The question of whether the air-cooled or 
the water-cooled rectifier is the more advantageous for 
very large units is under investigation. The develop- 
ment of standard air-cooled rectifiers for low currents 
has been completed up to 3,150 A (Fig. 3). : 

Mutators without pumps are of advantage in small 
units only where the price of the pump is relatively 
high as compared to that of the mutator proper. De- 
velopments may lead to a certain current limit below 
which mutators without pumps find a field of applica- 
tion while above it the mutator with pump will hold the 
field. It must also be remembered that a mutator without 
pump, in case of a defect, cannot be repaired on site, while 


DIGEST 


Fig. 4. Mutator without pump, 260 kW, 60 V, in the 

Areuse substation of the Neuchatel Electricity Works. 

The rugged iron mutator without pump is an excellent 

substitute for a glass-bulb rectifier which has been 
damaged. 


the mutator with pump can be opened on site, repaired, 
exhausted, formed and put back into service. For 
remote plants this advantage should be taken into con- 
sideration. 


NEW SINGLE-POLE SERVICE RESTORER 


By E. E. TuGcBy. (From Electrical Engineering, Vol. 


Astupy of the requirements for a source of operating 
energy for this new single-pole service restoring device 
indicated a need for a source that would be independent 
of fault current and have available a dependable source 
of prestored energy when a fault occurs. 

The vibratorque motor as described in a paper pre- 
sented by A. E. Brock at the Pacific Coast convention 
of the A.I.E.E. in August, 1941, was adapted for the 
new single-pole service restorer, the motor being ar- 

to be directly in series with the primary line, 

thus making the new unit a completely self-contained 

ce, 
_ The operating energy of the service restorer is con- 
in a motor-rewound flat spiral spring where 
enough energy is stored to provide four opening opera- 
tions and three reclosing operations on a sustained fault 
without rewinding, and an infinite number of opera- 
tions on transient faults, as the Vibratorque motor 
restores the expended energy upon reclosing the circuit 
after each transient fault. Figure 3 shows a schematic 
of the entire mechanism. 


Rating. 
This single-pole service restorer is rated at 15 kV 
50 amperes continuous current carrying capacity with 


61, No. 12, December, 1942, Transactions, pp. 889-892). 


an interrupting rating 40 times the rating of the trip 
coils installed, the maximum being 1000 amperes. 


Arc-extinguishing Devices. 

As the prestored spring operating energy is restrained 
by a roller-type latch, and the fault current affects only 
the latching mechanism, the operating speed of the arc- 
interrupting device is independent of fault current. 
The moving blade travels with a high rate of speed to 
assure quick extinguishing of the arc in the expulsion 
chamber, and an actual test performed has shown arc 
time from 0.65 to 1.2 cycles of arc while interrupting 
approximately 1500 amperes at 12.5 kV to ground. 


Rewinding Motor. 

A cross section of the Vibratorque motor (shown in 
Fig. 1) illustrates the principle involved. In referring 
to this drawing, it will be seen that an armature is 
mounted on a spring, rigidly supported at one end 
and has an adjustment to limit the travel of the spring 
at the other end. At right angles to the armature 
is an extension carrying a clutch that engages both faces 
of a flat hard steel disc. The clutch consists of two 
hardened steel bearing rollers engaging in a tapered slot, 
so co-ordinated as to provide the most efficient transfer 
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of energy from the vibrator to the steel disc, with the 
least friction on the return stroke. The armature is 
alternately attracted by an a.-c. magnet coil assembly 
consisting of two identical coils mounted on a laminated 
solenoid core, and returned by a spring. The disc 
rotates in a rapid series of small increments which are 
transmitted through gears to the main spiral operating 
spring, where the energy is stored for use in operating 
the service restorer. 

The speed of the output shaft is a function of the 
weight and size of the armature, ampere turns of the 
coil, and the characteristics of the spring which supports 
the armature. The Vibratorque motor develops com- 
pound characteristics and with a change in load assumes 
a moderate output speed change. ° The magnet coils 
which also act as trip coils are connected in series with 
the line and arranged in two halves to give flexibility. 


CORE FOR TRIPPING CORE FOR WINDING MOTOR, 


LOADING 
LEVER 


MOTOR LOCKOUT 
SPRING 


JOTOR DISC 


Nn we 


@o 


TIME TO 1KHIP — SECONDS 
9° 


MINIMUM 
24 
+18 
RANGE OF | - 
INSTANTANEOUS 34 ja: 
TRIP-OUT 


° loko) 
™ bin 


¥ 


6 
200 400 600 800 1ooc 
PER CENT TRIPPING CURRENT 
BASED ON COIL RATING 


Figure 2. Time-current characteristic curves 


The motor will operate successfully with the smalley 
coils when a current as low as one-half ampere flow; 
through the line. The magnet coils are available jp 
rating from 3-6 amperes to 25-50 amperes. Their dy 
value is obtained by connecting the two halves either jy 
series or in parallel. 

When the motor has fully wound the Operating 
spring to its required ténsion, the vibrator spring js 
automatically locked up against the pole pieces. This 
is controlled through a differential arrangement on the 
outer case surrounding the operating spring. When 
the spring energy is expended, the differential bar re. 
engages the catch, which releases the spring to vibrate 
and again supply power to the operating spring. 

The center of the coil spring is connected to the 
shaft which carries on its outer and an operating lever, 
which in turn is connected to the moving contact blade 
through a connecting rod. This blade is normally held 
in the closed position by the operating spring, restrained 
by a roller latch mechanism. The latch may be released 
by one of the three following methods : 

1. By the trip coils actuating the time-delay me- 
chanism. 

2. By the trip coils actuating the instantaneous 
high current trip mechanism. 

3. By the operation of the manual trip mechanism, 

All three of these schemes act upon a single common 
toggle independently and, in the case of the first two, 
are independently adjustable over a wide range. 


Escapement-type Delay Mechanism. 

Since both tripping'-and reclosing involved time 
delay a mechanism was built that would serve both 
operations in one unit. This time-delay mechanism 
consists essentially of a gear train with an escapement 
pawl, which provides a time-delay that is independent 
of temperature conditions. 

The time-delay driving gear has a ratched on either 
side, and each ratched is connected to a smaller gear 
on the shaft. On one side this ratched gear is driven 
by the opening gear which is connected to the opening 
toggle, and the other ratched gear is actuated by the 
main blade through a suitable mechanism to control the 
reclosing time-delay. 

The correct initial starting position is always assured 
by a cam return spring that brings the gear train back 
to normal starting position. If the fault clears before 
the restorer opens, the time-delay will immediately 
return to its initial position, ready for a second fault. 
The reclosing time-delay is actuated by a projection on 
the main-blade operating lever. This projection 
initially engages a flat spring mounted on a cam which 
initiates the movement of the gear train. After a short 
travel, the main blade operating lever engages the cam, 
and the driving effort of the main operating spring, 
transmitted through the main blade operating lever, 
tends to rotate the cam, but rotation is restrained by 
the time-delay escapement. 

The reclosing time schedule is fixed at 7 seconds, 
but the tripping time-delay may be varied. The 
tripping time is dependent upon the travel of the 
escapement, which in turn may be limited by a time 
adjustment lever. This lever adjusts the position of 
the trip arms relative to the trip-coil pole faces and is 
in its turn controlled through a linkage to the manual 
rewinding lever. This lever is adjustable to its final 
position by a set of screw mounted external to the 
housing. Calibration points are provided to indicate 
the maximum and minimum adjustments, which may 
be easily adjusted in the field with a screw driver. 
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Manual Rewinding Mechanism. 


A manual rewinding mechanism is provided and so 
ed that the restorer will not reclose until sufficient 
energy is stored for one closing and one opening opera- 
tion, thus providing a valuable safety factor when closing 
in against a fault. If there is no fault on the line, the 
rewinding motor then takes up its duties and completes 
the rewinding of the spring to its proper operating 
tension. 
Time-current Characteristics. 

Typical time-current characteristics are shown on 
Fig. 2 where it may be noted that minimum trip is 
arranged for 150% of rated coil current. The two sets 
of curves for minimum and maximum time-delay 
represent the limits of the lever setting previously 
described. At 500% of rated coil current, an instan- 
taneous trip mechanism comes into play. This mini- 
mum trip may be easily adjusted from 500% to 1000%. 


Mounting. 
This new restorer may be readily arranged for either 
single-arm or direct-pole mounting. 


Construction. 


The service restorer (Fig. 4) consists essentially of 
a pivoted blade actuated by a small coil spring mounted 
on the lower end of the one bushing, and an expulsion 
contact mounted on the lower end of the other bushing. 
A slow-speed motor rewinds the operating spring after 
each reclosure. On a sustained fault, after the fourth 
spring operation following three reclosures, the restorer 
will not reclose and is “‘ locked out.”” To reclose the 
restorer after lockout, it is necessary to manually rewind 
with the manual rewinding handle to store enough 
energy for one closing and one opening operation before 
the restorer closes and the motor begins its rewinding 
cycle. 
Application. 


The service restorer is most suitable for rural lines, 
where the prevalence of faults due to lightning distur- 
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Figure 3. Diagram of mechanism 


RESTORER OPEN 





Figure 4. Cutaway section of complete unit 


bances and to trees swinging lines together in wind 
storms, etc., is very high. Studies show that a high per 
centage of faults may be cleared and service restored, 
on a first reclosure, which thus justifies the use of re- 
closing devices on a rural system. 


AN IMPROVED VOLUMENOMETER 


(From Technical News Bulletin, No. 307, November, 
1942, p. 85). 


A VOLUMENOMETER has been used at the National 
Bureau of Standards for the past 6 years to measure the 
solid volumes of specimens varying in size up to that of 
standard building bricks. In order to test the larger 
standard refractory bricks, a new instrument was built 
by J. C. Richmond, John B. Peterson, and Winslow H. 
Herschel in 1941. Certain changes in design were 
incorporated to facilitate the operation and improve 
the accuracy. 

The chief feature of the new design is the use of a 
closed-cistern altitude-type mercurial barometer to 
measure pressures, replacing the simple manometer 
previously used. A vernier index permits readings to 
0.1 mm. of mercury. 

The barometer was designed for use in a constant- 
temperature room (21.1° C.) where the acceleration of 
gravity is 980.1 cm/sec... Under these conditions, it 
will indicate pressures directly, and the indicated 
pressure, without correction, will have a maximum 
deviation of 0.2 mm. of mercury from the actual pressure, 
corrected to 0° C. and gravity at sea level. A barometer 
of this type can be designed to correct for any given 
conditions of temperature and gravity, or a calibration 
chart can be prepared for use at temperatures other 
than the standard. 

The use of this barometer to measure pressures in 
the closed system eliminates inaccuracies arising from 
changes in atmospheric pressure during a test, and 
operation of the instrument in a constant-temperature 
room eliminates inaccuracies due to changes in tempera- 
ture. The instrument is designed as a self-contained 
unit, and may be easily moved from place to place. 
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NEW EQUIPMENT 


_ FLOATLESS PUMP CONTROL SYSTEM. 


A sysTEM of floatless liquid level control, named 
f evel, has been introduced recently by Londex 
a 207, Anerley Road, London, S.E.20. It employs 
only one mercury switch for the control of the pump 
motor starter, and is designed more particularly for the 
automatic pumping out, filling or maintaining of a 
certain liquid level in a container. If the pump suction 
pipe is earthed and used as one side of the control 
circuit, only one wire is necessary from the electrodes 
to the relay, and this circuit works with a maximum 
open circuit voltage of 25 volts, so that dangerous shocks 
are impossible. The 25 volt supply is derived from a 
small double wound transformer working off power or 
ighting mains, and the relay pilot circuit to the starter 
the motor may be at any commercial voltage. 

A special point is made about the use of two 
electrodes, and it may be observed that the control 
circuit is completed through the liquid to be pumped. 
Owing to the low voltage of the circuit, however, no 
elaborate insulation is required for the electrode holders, 
and the electrodes themselves may be satisfactorily 
made up on the spot with ordinary galvanized wrought- 
iron gas tubing. The shorter electrode is connected 
direct to the relay, and when the liquid level rises to 
make contact with this electrode the relay operates and 
the motor is started. 

The longer electrode is connected by the same lead 
to the relay, but through the resistance of a few ohms, 
and its function is to pass sufficient current through the 
telay to hold the latter closed after the liquid level has 
dropped away from the short electrode. When finally 
the liquid level drops beyond the 
longer electrode the relay circuit is 
interrupted and the motor auto- 
matically stops. It is not restarted 
when the liquid level rises again to 
the longer electrode, because more 
current is réquired to close the relay 
than to hold it closed, and the addi- 
tional resistance in series with the 
longer electrode does not allow 
enough current to pass to attract 
the relay until the liquid level 
reaches the short electrode. 


NEW FEATURES IN BANDSAWING. 


THE technique of sawing ferrous and non-ferrous metals has de- 
veloped very considerably. in recent years and bandsaws and cold 
circular saws may now be considered as precision machine tools. 
Each type of saw has its peculiar advantages, but if economy of 
material is important, there is a strong argument for the bandsaw 
working to close limits of accuracy by sawing within .002 ins. or 
003 ins. of the marked line. It is essentially a machine for rapid, 
‘lean and accurate cutting. 

There is scope for ingenuity in —— special purpose bandsaws 
or designing jigs for repetition work and The Midland Saw and Tool 





Co. have recently designed a high production machine capable of 
running almost continuously throughout the 24 hours and finishing 
work so satisfactorily that subsequent machining is unnecessary 
apart from grinding. An important feature of the machine is its 
simplicity of operation which enables unskilled workmen to be em- 
ployed. It has actually been found, in ‘some instances, that the 
unskilled operative, who has no fundamental Prejudices, is more 
satisfactory with the machine than the experienced operative. 
Further it is easily possible for a man—or woman—to attend to 
several of these machines. ' ae die 

It can truthfully be stressed that this cut-off machine is simple 
and ingenious in operation. Being a bandsaw there is an uninter- 
rupted cutting process, the continuous blade being fed to the work 
at relatively high speed. The machine will do angled as well as 
right angled cutting. The work is held in position by a screw 
clamp operating against a back fence on the top of a machined table. 
(Fig. 1) the blade enters through a gate in the fence and is fed to the 
work by the force of gravity acting upon the sawing unit, the whole 
of which is pivoted and balanced to fall forward. It may correctly 
be described as gravity feed under control for the fall is checked and 
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Fig. 1 


controlled by tension and compression springs and is further 
regulated by a hydraulic brake, this brake being adjustable to provide 
the rate of feed required. 

The control is such that a smooth even cut is obtained which 
ensures long life for the saw blade. The steadiness and accuracy 
of the sawing are largely due to special guides which control the 
blade very near to its entry into and exit from the work. 

Fig. 2 shows the mitre block used for angular cutting and Fig. 3 
is a plan of the machine table with a job 
clamped in position between mitre blocks 
and ready for cutting. The tongue on 
the mitre block (Fig. 2) fits into a groove 
in the table. 

It is not necessary to describe con- 
structional details of the machine, but 
the drive is by a “ Brook” § hp. 
squirrel cage motor. The size of the 

*table is 45 x 18 ins. and its height from 
the floor 32 ins., while the capacity of 
the machine is 10 ins. square. _ An im- 
portant feature is the automatic cut-off 
which stops the machine when the cut 
has been completed. 


CATALOGUES RECEIVED 


“4-6” High Speed Steel and Darwins Morex.—In a 
memorandum recently issued by the High Speed Steel Association 
it is announced that the makers of high speed steels are ceasing to 
manufacture the “ 66” quality of Molybdenum High Speed Steel 
which has hitherto been one of the substitute steels brought in to 
replace 18% Tungsten High Speed Steels. In its place the “ 4-6” 
quality only is to be made, this having shown itself to be the most 
efficient of the Molybdenum High Speed Steels. 


Fig. 3 


The “4-6” quality is identical with Darwins Morex High 
Speed Steel, developed some time ago in this country by Darwins 
Limited and covered by their British Letters Patent 534,304. 

Immediately it became essential to concentrate on Molybdenum 
High Speed Steels, Darwins Limited placed this patent at the 
disposal of the Ministry of Supply and this fact has been gratefully 
acknowledged by the Ministry. No royalties are to be payable 
during the war period in respect of the manufacture, sale and use 
of “‘ 4-6 Steel”? to meet government requirements. 

Darwins Limited have naturally amassed a great deal of manu 
facturing experience and data regarding the forging, fabrication, 
heat-treatment and usage of this type of steel, and they announce 
that they place this accumulated information freely at the disposal 
of any user of the steel, whether of their manvfacture or not. , 

Naturally, the treatment of the “‘ 4-6 ”’ quality is identical with’ 
their Mcrex Steel; their publication No. 132 is the most compre 
hensive account of the steel and its treatment available in this 
country. Copies are available on request, subject to the provisions 
of the Paper Control orders. 


Electro-Hydraulic Power Units.—An_ illustrated 4-page 
leaflet just issued by The British Thermostat Co., Ltd., Sunbury- 
on-Thames, Middx., describes the two main types of Electro 
Hydraulic Power Units for operating valves, dampers and other) 
mechanism used for the automatic control of heating, air-condition 
ing and refrigerating plants. 

The “ open-shut ” model is suitable for use in systems wher 
adequate control can be obtained by fully opening or closing 4 
valve or damper when the working conditions depart by a prede- 
termined amount from the control point. It can also be used in 
ee with a simple manual or automatic switch as a remot 
control. 

The “ modulating ” units should be employed where accurate 
control within close limits is required and where this control can be 
obtained by varying the flow of water, steam, air, liquid or gas fuel, 
refrigerant or other fluids. 


Copies of the leaflet may be obtained on application. 
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